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SUPPLIED TO THE LEADING RAILWAYS 


Dermatine 
е == 


Hot-Water Hose for 
D AR ae 
washing - out Loco- 
motive Boilers. 


Valves for Boiler Feed: 


Pumps, Air, Circu- 
lating, and Deep Well 
Pumps. 


Pump Cups and 
Jointing. 

Belting for Driving 
and Conveying. 


DERMATINE CO., Ltd. 
Telegraphic Address : '* Dermatine, London.” I.ondon, S.E.5. 
Telephone: Нор»31. 


Coltness Iron Co. Ltd. 


Newmains, Lanarkshire 
SCOTLAND 


Makers of Steel Castings to 25 tons and 
Iron Castings to 50 tons in weight 


Group of Stee! Castings for Locomotives 


WE SPECIALISE IN STEEL CASTINGS 


WHEEL CENTRES. DOMES. PISTON HEADS. 
HORN BLOCKS. AXLEBOXES. ЕТС. 


OF WHICH WE ARE THE LARGEST 
MAKERS IN GREAT BRITAIN 


Phones: Wishaw 212, 213, 214, 215. 
Telegraphic Address; Coltness, Newmains.'* 


Glasgow Office: 75 Bothwell Street, Glasgow 
Phone: Central 683 (4 lines.) 
Tel, Address: Coltness, Glasgow. 


London Office: 
10 Iddesleigh House, Caxton Street, S. W. 1 
"Phone; Victoria 7740 and 7741. 
Tel. Address: Kredenda, Sowest, London.“ 


4oh.p. Planet Shunting Locomotive. 


PLANET 


INTERNAL COMBUSTION 


LOCOMOTIVES 


PERATED byone man, the Planet Shunting 

Locomotive will replace three or four horses, 
do most of the work usually done by a heavy, 
expensive steam locomotive. in less time, and 
has the advantage that it is ready for work at 
short notice with no stand-by losses. 


Write for descriptive Booklet. 


F. С. HIBBERD & CO. LTD. 


(Successors to the Kent Construction Co. Ltd., whose 
Bole Agents were Honeywill Brothers Ltd., of London.) 


98 GREAT TOWER STREET, LONDON, E.C.3 
Telephone: Royal 8562. Telegrams: *Planetloco, Bilgate, London,” 
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RUST RESISTANCE 
ELECTRICAL CONDUCTIVITY 
ENAMELLING PROPERTIES: 
WELDING PROPERTIES 


[сот IRON is the long-lasting iron that has a service life 
greater than that of ordinary steel. 

The following claims can be justified: 

1. “Armco” Ingot Iron is the purest iron made, 
having less than one-sixth of one per cent. 
foreign substances, considering as impurities 
Silicon, Sulphur, Phosphorus, Manganese, 
Carbon and Copper. It is 99.84 per cent. pure iron. 
It resists corrosion and pitting owing to its dense, 
pure and uniform structure. 

3. Electrical conductivity about 50 per cent. greater 
than ordinary steel. It has low retentivity and 
high magnetic permeability. 

4. It is ideal for vitreous enamelling, owing to the 
fact that it is almost completely degasitied. 

5. Owing to its purity and uniformity it is a 
perfect welding metal. | 


to 


Ask for alternate prices in **Armco'' Ingot Iron, 


The Armco International Corporation 
64 VICTORIA STREET, WESTMINSTER, S.W.1 


BEYER, PEACOCK & CO. LTD. 


GORTON - - MANCHESTER 


The '*Garratt' Patent Locomotive. 
Used by 39 Railways. 


HUDSWELL, CLARKE & CO. LTD. 


Tel. Address: “Тосо, Leeds." Railway Foundry, LEEDS. Tel. 20993 


LOCOMOTIVE TANK ENGINES 


For Main or Branch Railways, Contractors, lronworks, Collieries, etc. 
Also Makers of Internal Combustion Rail Locomotives for Petrol, Paraffin and Crude Oil. 
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Test and | 
Achievement with 
B.S.A. Twist Drills 


The test wascarried outby 
Braithwaite & Co. (Engineers), Ltd. 
at their Newport Works. 
MATERIAL: Armco Ingot Plates, $ in. 
and Zç in. thick, in batches of six. 
MACHINES: Asquith Double Head 
travelling bogies. Spindle speed: 
310 r.p.m. Feed: 63 and 83. 
Lubricant: Water. 

OPERATORS: Boys апа Youths 
(Semi-skilled). 

THE Test: Was the drilling of 
42,000 single holes. 7,000 operations. 
Duration of Test: 24 hours. 

There were ten competitors. 


Achievement 
The B.S.A. (1495 high-speed steel) 
Twist Drills were chosen for the 
contract, proving that they possess 
the qualities which yield the highest 
production at lowest cost under 
arduous conditions. This result, 
secured in face of strong competi- 
tion, proves that B.S.A. Drills are 
Supreme in production. 
Submit your drilling propositions to us. 
B.S.A. Tools Ltd., 
Sparkbrook, Birmingham 


Proprs. The Birmingham Small Arms Co. Ltd. 


B.S.A. Tools 


include Twist Drills, Milling Cutters, Reamers, Taps, 
ies, Screwing Sets, ucks, Sleeves, Sockets, 
Spanners, Machine Tools and Equipment 


LOCOMOTIVES S А 


ADMINISTRATION BUILDING: 

110, Flemington Street, 

Springburn, GLASGOW. 
Telegrams : ** Loco, Glasgow.“ 


LONDON OFFICE : 


13, Victoria Street, 
Westminster, S.W. 


Hype Park WORKS 


(late Neilson Reid & Co. / ANNUAL 

QUEEN'S PARK CAPACITY 
WORKS 

(late Dubs & Co.) 800 

ATLAS WORKS 

Stewart & LOCOMOTIVES 


Stewart & Co.) 
Ltd.) 


TOTAL OUTPUT 
EXCEEDS 


23,500 
LOCOMOTIVES 


GLASGOW 


4-6-0 3-CYLINDER SIMPLE EXPRESS LOCOMOTIVE. 
LONDON, MIDLAND & SCOTTISH RAILWAY. 


Designed by Sir Henry Fowler, K.B.E., Chief Mechanical Engineer. 
Built by The North British Locomotive Co. Ltd., Glasgow. 


A L084 7 
LOCOMOTIVE ENGINEERS’ 


РОСКЕШВООК 
1928. 
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THE LOCOMOTIVE PUBLISHING CO. LTD. 
3 Amen Corner, Paternoster Row 
London, Е.С.4. 


Aha. 337 //7%6 
Í“ 


PACKING 


The best, simplest, most effective & most widely used 


Metallic Packing 


FOR LOCOMOTIVES 


Over 500,000 supplied 


AIR-COOLED PACKINGS for 
SUPERHEATED STEAM 


The 
United States Metallic Packing 
Soho Works, Bradtora. рет 


LONDON: 116, Fenchurch Street. 
GLASGOW: 52, St. Enoch Square. 
NEWCASTLE: 2, Collingwood Street. 
BOLTON: Palatine Buildings. 
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LOCOMOTIVE, CARRIAGE AND WAGON 
SUPERINTENDENTS OF BRITISH, 
COLONIAL, INDIAN, CENTRAL AND 
SOUTH AMERICAN RAILWAYS, 
as well as 


CHINA AND MEXICO. 


Unless otherwise specified the gauge is 4 ft. 8} in. in 
Great Britain. 

Ashover Light Railway. (2 ft. gauge). Capt. John Ma 
(General Малые: Lay Cross, IDE J > 

йор Castle. W. Roberts (Manager), Wrexham. 

Campbeltown & Machrihanish (light). (2 ft. Sin. gauge). E. 

| McCabe (Supt.), Campbeltown. . 

Central London. W. A. Agnew, Paling Common. 

Cheshire Lines Committee. H. N. Gresley, С.В.Е. (Carr. 

and Wagon Supt.), Gorton. 

e & South London. W. A. Agnew, Ealing Common. 

с ча & Selsey (light). Lt.-Col. Н. Е. Stephens, Ton- 

ge. 
‚Corris. D. J. McCourt (Engineer & Manager), Machynlleth, 
rih Wales d 


Derwent Valley (light). S. J. Reading (General Manager), 
Hallfield Read, Fork. 

— Railway. Easingwold, Yorks. 

‚East Kent. Lt.-Col. H. F. Stephens, Tonbridge, Kent. 

Eskdale, (1 ft. 3 in. gauge). W. Gillon ' (General 
Manager & Loco, Supt.), Ravenglass, Cumberland. 

3 (1 ft. 111 in. gauge). Tieut.-Col. Н. F. Stephens, 
Tonbridge, Kent. 

Glyn Valley Tramway. (2 ft. 4} in. gauge). G. M. Jenkins 
(Manager), Chirk, М. Wales. 

Great Western, Incorporating the following lines :—Barry, 
Cambrian, Cardiff, Burry Port & Gwendraeth Valley, 
Didcot, Newbury & Southampton, Cleobury, Mortimer an 
Ditton Priors Light, Brecon & Merthyr, Alexandra Docks 
(Newport) & South Wales, South Wales Mineral, Llanelly 
and Mynydd Mawr, Тай Vale, Rhymney, Rhondda 
and Swansea Bay, Midland & South Western On son 
Gwendraeth Valleys, Neath & Brecon, Port Talbot Rail- 

с and Swansea Harbour Trust. 

С. В. Collett, О.В.Е., Chief Mechanical Engineer, Swindon. 

W. А. Stanier, Principal Assistant to Chief Mechanical 
Engineer, Swindon. К 

J. Auld, Docks and Personal Assistant to Chief Mechanical 
Engineer. Swindon. 5 

С. Crump, O. B. E., Locomotive Running Superintendent 

en acd Assistant to Chiet Mechanical Engineer, 
ndon. 

J. R. W. Grainge, Electrical Assistant to Chief Mechanical 

„ Swindon, 


STONES = =a 
RAILWAY SPECIALITIES 


BRONZE LOCOMOTIVE AXLEBOXES AND 
BEARINGS. 

CONNECTING AND COUPLING Rop 
BusHES, Етс. 

BRONZE SLIDE VALVES. BRONZE FIRE- 
BOX STAYS. 

CARRIAGE AND WAGON BEARINGS. 

SPECIAL NON-FERROUS ALLOYS OF ALL 
GRADES. 

CASTINGS, DIE CASTINGS, FORGINGS 
AND STAMPINGS IN NON-FERROUS 
METALS. 

ALUMINIUM CASTINGS. HOT PRESSINGS. 

FORCE FEED LUBRICATORS FOR LOCO- 
MOTIVES. 

EITHERSIDE WAGON BRAKES. 

CYLINDER COCKS AND OTHER FITTINGS. 

COPPER AND ALUMINIUM RIVETS AND 
WASHERS. 

STONE'S TRAIN LIGHTING INSTALLA- 
TIONS AND ACCESSORIES. 


Pumps FOR ALL DuTIES—HAND AND 
PowER—WATER, OILS AND VISCOUS 
FLUIDS. 


Deptford, London ——S.E.14 


ТА 


Е. W. Hawksworth, Chief Draughtsman, Swindon. 

К. А. С. Hannington, Locomotive Works Manager, 
Swindon. 

E. T. I. Evans, Carriage & Wagon Works Manager, Swindon. 

ene & East Sussex. Lt.-Col. J. H. Stephens, Tonbridge, 


ent. 

Leek & Manifold Valley (Light). (2 ft. Gin. gauge). Worked 
by London, Midland & Scottish Railway. 

Liverpool Overhead Railway. W. T. D. Grundy (Genl. 
Manager and Engineer), 1, James Street, Liverpool. 
London & North Eastern (Incorporating Great Central, 
Great Northern, Great Eastern, Hull & Barnsley, North 
Eastern, North British, Great North of 8 

H. N. Sen C. B. E., M. Inst. C. E., M. I. Mech. E., Chief 


Mechanical ngineer, King's Cross Station, N. I. 
. W. H. Richards, Electrical Engineer, King s Cross 
Station, N.1. 


А. C, Stamer, С.В.Е., Assistant Chief Mechanical Engineer, 
Darlington. 
R. A. Thom, O.B.E. Mechanical Engineer, Doncaster, 
(Controlling G.N. and G.C. Sections.) 
O. Bulleid, Assistant to Chief Mechanical Engineer, King's 
Cross Station, N. I. 
C.W. L.Glaze, O. B. E., Mechanical Engineer, Stratford, E. 15, 
9 Heywood, Mechanical Engineer, Scotland, Cowlairs, 
asgow. 
R. A. Copperthwaite, Assistant Mechanical Engineer, 
Darlington. 
s t nig клен Assistant Mechanical Engineer, Stratford, 
.15. ў 
Works Managers : 
Doncaster :— 


Locomotive: F. H. Eggleshaw. 

Carriage and Wagon: W. H. Brown. 
Stratford; T. О. Mein. Š 
Gorton (Locomotive): J. W. Smith, 
Dukinfield (Carriage & Wagon): D. R. Edge. 
North Eastern Area— 
Locomotive: Е. W. Carr, Darlington. 
Gateshead (Locomotive): S. L. Baister, 
York (Carriage & Wagon): A. Н. Peppercorn. 
Shildon Куло): Е, F. Stephenson. 
Faverdale (Wagon): W. Wells Hood. 
Cowlairs: P. Ferguson. 
Inverurie: L. Hyde, 


Chief Draughtsmen : 
Darlington: В. J. Robson (Loco.), С. М. Kitchen (Carriage 


and Жаку. 

Doncaster: W. Elwess (Loco.), А. J. Hastie (Carriage 
and Wagon). 

Stratford: W. Е. McDermid. 


Gorton : W. Rowland (Loco.). E. T. Dallow (Carriage 
and Wagon). 


Locomotive Specialities 


EXHAUST STEAM INJECTORS 


The only successful system of 
feed water heating by exhaust 
steam. 


Coal Economy, 10°% to 15% 

Low Initial Cost 

Low Costs of Maintenance and Upkeep 
10,000 Locomotives Fitted 


HOT WATER INJECTORS 
Work with Feed Water at all 
temperatures up to 140° F. 

VACUUM BRAKE EJECTORS 
Interchangeable with existing 
standards. 

STANDARD “LIVE STEAM 
INJECTORS 


All Types and Patterns. 


Davies & Metcalfe Ltd. 


Injector Works, 
ROMILEY, nr. MANCHESTER. 


Telephone: Bentley's Telegrams: 
Stockport 2219. Code. Exhaust, Romiley. 
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Cowlairs: A. Campbell (Loco.), W. D. Crombie (Carriage 
and Wagon). 
Inverurie: G. W. Urquhart. 
Locomotive Running Superintendents : 

Southern. Arca— 

W. С. P. Maclure, Liverpool Street Station, 
North Eastern Area— 

Л H. Smeddle, O. B. E., York. 
Scottish Area— 

$. W. Groom, Cowlairs, Glasgow. 
London Electric. W. A. Agnew, Ealing Common, W. 


& Carlisle, North Staffordshire, North London, Wirral 
Cleator & Workington, Stratford & Midland Junction and 
Knott End Railwa 


Sir Hy. Fowler, KEE, Chief Mechanical Engineer, Derby. > 


Geo. Warburton, | 
Н. Chambers, j Assistants to C.M.E., Derby. 


С. М. Shawcross, Horwich. 
E. Sharples (Assistant), Barrow-in-Furness. 
D. C. Urie (Northern Division), Glasgow. 
D. Williamson (Assistant Northern Division), Glasgow. 
D. Dobbie 55 abi гр - 
ог nagers motives): 
Crewe: F. А. Lemon, 
Derby: S. 5 Symes, O. B. E. 
. Gibson. 


Horwich : 
Kil : А. Bennett, 
Electrical Engineer’s Department. 
Е. А. С, Leigh, Electrical Engineer, Euston. 
J. Dalziel, Assistant Electrical Engineer, Euston. 
G. Broughall, Assistant Electrical Engineer (Indoor), 
5 83 
е agon Department : 
n Hn , О.В.Е., Carriage 2 Wagon Superinten- 
nt, rby. 
J Purves, Chief Outdoor Assistant, Derby. 
Divisional Carriage & Wagon Superintendents : 
C. L. Mason, Wolverton. 


I. = G gow. 

W. J. Smith, Superintendent of Works, Derby. 

E. Е. Merrett, Superintendent of Works, Newton Heath, 

W. С. Smalley, Superintendent of Works, Earlestown. 
Carriage & Wagon Works Managers: 

Е, Pugson, Derby, 


W. Sinclair, Crewe. 
. Richardson, Barrow-in-Furness, 
D. Smith, Barassie, Troon. 
С. О. D, Anderson, Wolverton. 
C. Anderson, St. Rollox. 
T. W. Dent, Earlestown. 
W. Anthony, Newton Heath, 


VULCAN LOCOMOTIVES 


DW Lo 


THE VULCAN FOUNDRY LTD., NEWTON-LE-WILLOWS, LANCS. 


"ux 


2 
Chief General Superintendent: С. К. Byrom, C.B.E., 
rby. 
Банк of Motive Power: Т. Е. Anderson, C.B.E.,. 
rby. 


Superintendent of Motive Power (Northern division): 
. G. Barr, Buchanan St., Glasgow. 

Manchester Ship Canal. W. Fox, 41, Spring Gardens, Man- 
chester, Mechanical Engineer. . 
Mersey, J. Shaw, General Manager & Engineer, Central 

Station, Birkenhead. 

Mersey Docks & Harbour Board. Liverpool. 

Metropolitan. Р. К. Boulton, Electrical Engineer. Neasden, 
N.W. С. SZ Mechanical Engineer and Works Manager, 
Neasden, N.W. 

Metropolitan District. W. A. Agnew, Ealing Common. 

Midland & Great Northern Joint. W. Е. Newman, M. I. Fi. E., 
Resident Mechanical Engineer. 

Nidd Valley Light Railway. L. Mitchell, M.I.C.E., Town 
Hall, Bradford. 

North Sunderland (Light). R. Smith (Secretary & General 
Manager), 61, Westgate Road, Newcastle-on-Tyne. 

Port of London Authority. Sir Cyril Kirkpatrick, Chiet 
Engineer, Trinity Square, E.C.3. 

Romney, Hythe & Dymehurch (15 in. gauge). 

В. D. Bellamy, General Manager. 
H. Greenly, M.I.L.E., Engineer. $ 

Royal Arsenal. (Standard and 18 in. gauges). F. Turner. 
pens Manager and Railway Engineer, Woolwich Arsenal, 
S.E.18. 

Rye & Camber (Light). (3ft. gauge). Lt.-Col. H. F. 
Stephens, Tonbridge, Kent. 

Snailbeach (Light). (2 ft. 4 in. gauge). Lt.-Col. H. F. 
Stephens, Tonbridge, Kent. 

Snowdon Mountain Tramroad. (2 ft. 7} in. gauge. Rack 
Rail Abt system). J. К. Owen, Engineer, Llanberis 

Somerset & Dorset. R. C. Archbutt, Highbridge, Somerset. 

Southern, Incorporating South Eastern & Chatham, London 
Brighton & South Coast, London & South Western, Isle of 
Wight, Isle of Wight Central, Freshwater, Yarmouth & New- 
port, Plymouth, Devonport & S. W. Junction, and Lynton 
& Barnstaple Railways. 

В. Е. L. Maunsell, C.B.E., Chief Mechanicai Engineer, 
Waterloo Station, S. E. I. 

С. H. Pearson, O. B. E., Assistant to Chief Mechanical 
Engineer, Locomotives, Ashford, Kent. 

$. Warner, O.B.E., Assistant Mechanical Engineer, 
Carriages, Wagons and Road Vehicles, Eastleigh, Hants. 

J. Clayton, M.B.E., Personal Assistant to Chief Mechanical 
Engineer, Waterloo Station, 5.Е.1. 

Works Managers: 

J. A. Hunter (Locomotives), Eastleigh. z 

A. A. Shepherd, (Carriages and Wagons), Eastleigh. 

E. A, W. Turbett (Locomotives), Brighton. 

С. Gardener (Carriages and Wagons), Lancing. 


RAILWAY 
RD 


SPENCER 
MOULTON 
& Co. LTD. 


2 CENTRAL BUILDINGS, 
WESTMINSTER, S.W.1. 


3 
(Assist.) С. J. Hicks (Locomotives, Carriages and Wagons), 
Ashford, 


Chief Draughtsmen : 
T. S. Finlayson (Locomotives), Eastleigh, 
L. Lynes (Carriages and Wagons), Waterloo Station. 
li Rodgers (Locomotives), Brighton. 
1. Thorp (Carriages me Wagons), Lancing. 
J. Palmer (Locomotives, Carriages and Wagons), Ashford, 
ноте Running Superintendent : : A.D. Jones, C.H E., 


(Assist) A. Cobb. 
Divisional Locomotive Running Superintendents : 
Е. S. Moore, Wate estern). 
р: Sag? чь Waterloo (Central). 
Engineer: Herbert Jones, Waterloo 
apr een 


Electrica] Engineer for New Works: A. Raworth, Eastern, 
Section, London Bridge Station, S.E.1. 
Southwold. (3ft. gauge). Claud Pain, Engineer, 17, 
Victoria St., Westminster. 
Swansea Improvements & Tramways Co. and Mumbles Railway 
& Pier Co. D. James, General Manager, 2, Rutland St., 


wansea. 
Trafford Park. S. В. Bland, Engineer, Traflord Park, 
Manchester. . 
— es — Rallways of London. W. A. Agnew, 


Welsh Aland Rallway. E 113} in. gauge). Lt.-Col. 
Н, Е. Stephens, Толий росло 

Weston, Clevedon & е — Lü. Col Н. F. 
Stephens, Tonbridge, о 


АМ 
ро (3 ft. gauge). Now Lx. 8. R., Northern Counties 


Belfast à “< County Down (5ft. Зіп. gauge). J 1. Cros: 
thwait, Belfast. 

Bessbrook & Newry. Ë ft. gauge). H. Dowell, Bessbrcok 

dcn СДА & Victoria Bridge (Light). ЗН. gauge. С š 


Clogher Valley. (3 ft. gauge) D. М. McClure, Loco. Supt. 
Aughnacloy, yrone 

County Donegal Joint Committee, (3ft. gauge). С. T. 
Glover, Loco. Supt., Dund 

Dublin & Blessington (Light). 5ft. 3in. gauge. G. H. 

n, Engineer, Terenure, Dublin. 

Glants o Portrush & Bush Valley elo. (зн. 

— —.— А. Traill, C.E., Engineer, Bush: Port 


Great Northern. 5 ft. 3in. gauge). G. Т. eon Loco- 
сн eg undalk, orks Manager, Н 3 

Great Southern Railways. (5 ft. 3 in. and 3 ft, gauges.) 
Incorporating: Great Southern & Western, Midland & 
Great Western, Dublin & South Eastern, Cork Bandon & 


Swiss, Locomotive and Machine Works, Winterthur 
London Office: 17 Victoria Street, S.W.1. Represented by Bernard Holland & Co. 


STEAM, ELECTRIC and DIESEL LOCOMOTIVES of every kind and description 


“AX 
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South Coast, Cork & Macroom, Cork, Blackrock & Passage, 
Cavan & Leitrim, Cork & Muskerry, Schull & Skibbereen, 
South Clare, West Clare, Timoleague & Courtmacsherry 
Extension, Tralee & Dingle, Waterford & Tramore, and 
Athenry & Tuam Railways. 
1. R. Bazin, Chief Mechanical Engineer, Inchicore, Dublin. 
W. H. Morton, Deputy Chief Mech. Eng. 
Р. c Floyd, Operating Supt. 
F. G. Prideaux, Stores Supt. 
Londonderry & Lough би Шу. (3 ft. gauge). W Napier, 
Locomotive Supt., Londonderry. 
London, Midland & Scottish Ry. Northern Counties Committee 
(5 ft. 3 in. and З ft. gauges). W. K. Wallace, Locomotive 
Supt., York Road, Belfast. 
Leitrim, & Northern Counties. (5 ft. Зіп. gauge). 
. F. Egan, Loco. Supt., Manorhamilton, Co. Sligo. 


CHANNEL ISLANDS 

Guernsey Railway Co. Ltd. (4 ft. 8} in. gauge). A. Peek Briggs, 
Engincer and Manager, St. Peter Port, Guernsey. 

Tear Rallways & Tramways (3 fl. біп. gauge). W. N. 

рне, Secretary and Manager, Cheapside Terminus, 
St. Helier. С. Todd, Loco. Supt. K 

Jersey Eastern (4 ft. В} іп. gauge). A.F. Payne, Secretary 

and Manager, 2, Mulcaster St., St. Helier. 
ISLE OF MAN 

Isle of Man, (3 ft. gauge). Jas. Bradshaw, Douglas. 

Manx Electric (3 ft. and 3 ft. 6 in. gauge). Е. Edmondson, 
General Manager & Engineer, 1, Strathallan Crescent, 
Douglas, 1.М. 

MALTA 


Government Railway (Metre gauge). С. Rizzo, Valetta. 
ASIA—BRITISH NORTH BORNEO 
Government Railway (Metre gauge). Е. С. $. Phillips, 

Jesselton. 
Sarawak Capt. C. R. Lowe, Commissioner of Public Works, 
ing. 


Kuch 
ASIA.—ADEN PROTECTORATE. 
Aden. (Metre). W. S. De Souza, Maalta. 


CEYLON 
Government Rallways (5 ft. біп. and 2ft. 6 in.) А. S. 
Bobby, Colombo, 


CHINA 

Peking-Mukden (4 ft. Shin. gauge). Е. A. Jamieson, 
Tongshan. 

Canton-Hankow (4 ft. 8] in. gauge). 
Wuchang. 

АА (4 ft. 8} in. gauge). Yeung Shun Kwai, 
anton. 

oes Amoy (4ft. В} in. gauge). C. H. Yang, 


оо w. 
Chinese Eastern (5 ft. gauge). А. С. Kalina, Harbin. 
Kiaochow-Tsinan. (4 ft.8} in.) C. T. Sun, Tsingtao. 


xvi. 


STEAM ECONOMY 


RESHAM & СКА- 
УЕМ'5 have led the 
way in the designing 
and improving of Steam 
Jet Instruments during the 
past half-century. They 
enjoy a world-wide reputa- 
tion for Design, Workman- 
shipand Finish,and employ 
only the best material in 
their manufactures. The 
following are well known 
Gresham's Standard and extensively used in all 
Fig. Y Pattern Injector. parts of the world 
Gresham's Combination Injectors 
Gresham's Self-Acting Injectors 
Gresham's Hot Water Injectors 
Over 300,000 have been made at these Works. 
Gresham's Dreadnought Ejectors 
Over 60,000 Ejectors have been made at 
these Works. 
Vacuum Cylinders & Automatic Brake 
details are made on an enormous scale at 
these Works for Messrs. Vacuum Brake Co. 
Ltd., 3, 5, 7, Old Queen St., London, S.W.1. 


GRESHAM & CRAVEN Ltd. 
Head Office and Works 
Ordsall Lane, Salford 
MANCHESTER 


London Office : 40 Wood Street, Westminster, 8.W.1 


Office: Fred Crip’ 
Belfast Office: В. Patterson & Bons, 13 and 15 Bridge Street 


ERRATA 
Page 5 (INDIA). 

For Barsi read: 

Barsi (Light) (2 ft. 6 in. gauge). Agent and Chief Engineer, 
E. W. Eves. Deputy Agent, K. de S. Calthrop, M.I.M.E., 
М.1.1..Е., Kurduvadi, Deccan. 

For Bengal Dooars read: 

Bengal Dooars (Metre). Manager and Engineer-in-Chief, 
J. А. Polwhele. Assistant Loco. Supt., К. Lonie, 
Domohani. 

For Bengal Provincial read: 

Bengal Provincial (2 ft. 6 in.) Manager and Engineer, 
S. C. Bhattacharya. Loco. and Carr. Supt., R. C. Berman, 
Tarkessur. 
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5 (4 ft. 8} in.) M. Nakagawa, Changchun 
anchuria. 

Lunghai-Pienlo (4 ft. Skin.) E. Préclaire, Chengchow. 
Peking Hankow (Chinese Government Line). (4 ft. 8} in.) 

Niou Shiao Shien, Peking. 
Pukow-Sunjang. (4 ft. 8} іп. gauge). W.G. Alston, Pukow. 
„ (4ft. Shin.) С. T. Finch, 
ang 

Shanghai-Nanking. (4 ft. Skin.) G. T. Finch, Shanghai. 
Swatow & Chao-Chou. (4 ft. 81 in.) Cheong Pooh Chian, 


Swatow 
Szechuan-Hankow. (4 ft. Skin.) C. J. Carroll (Engineer), 
ake eet BEE (4 ft. Shin. gauge) J. H. Moffat, 


тамақ Ta ‘Tai. (Metre gauge). —. M’Perrot, Chen-Kia- 

chou 

Tientsin-Pukow. (4 ft. 8} in.) J. Alston, Puchin 
CYPRUS, 

Government Railway. (2 ít. 6 in. gauge). W. М. Smithers, 


Famagusta. 
HONG-KONG. 
55 Railway Kowloon-Canton. (4 ft. 8} in.) Charles 
D. Lambert, Chief Mech. Engr., Kowloon. 
way Dept. Rall Board Head SI 
t. way uarters, Simla, Director 
of Mechanical neering, A. J. Chase E. 
Arakan n (Light). Gift біп: gauge). Н. St. J. Sanderson, 
Street, Calcutta. 
Р Bengal. (Metre). A. James, Pahartali, Assam. 
Assam Railways & Trading Со. (Metre). С. F. H. Osman, 
Chief Engr., Dibrugarh. 
Baroda State. 9 ft. Gin., Меце, and 2ft. біп.) 


aroda. 
— 1 G Gt ft. t Sin) K. К. de $. Calthrop, M.I.M.E., 


в & North W. Western, (Metre). Gorakhpur. 
Bengal Dooars. (Metre). R. Lonie, Domohani. 
Bengal Nagpur, (5 ft. 6 in. and 2 ft. 6 in. gauges). „1. 


Cole, Chief Mechanical Engineer, Khargpur. M. оем, 
Superintendent of Workshops. 
Bengal Provincial. (2 ft. біп.) S. Phillips, Tarkessur. 
5 (Metre.) Capt. W. Cox Moore, Bhavnagar 


—— (Metre.) R. D. Sandes, Bikaner. 
Bombay Baroda & Central 5 — (5 ft. біп. gauge section). 
J. Page, О. O.B.E., Parel, Bombay. 

Б gauge section). W. S. Fraser, Ajmer. Deputy: 
G самаса V.D., Ajmer. Carriage and Wagon 
сарын . Armitstead, M.B.E., Ajmer. 

Bomi Port Trust. (5 it. біп. paar J. К. Reynolds, 
V.D., Manager, Bombay. 
e ‘Railways. (Metre). C. Г. Hutton, Insein, Burmah. 


xvii. 


WAKEFIELD'S 


“EUREKA” HYDROSTATIC 


LUBRICATOR 


Descriptive Pamphlet sent on application 


FOR STEAM CHEST AND 
CYLINDER LUBRICATION 


С. С. WAKEFIELD & CO. LTD. 


Wakefield House, Cheapside, London, e.c.2 
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Burma Corporation Railways, Northern Shan States. F. H. 
Pike, , Superintendent. 

Calcutta Port Commissioners, (5 ft. 6 in.) J. McGlashlan, 
Chief Engineer, Calcutta. 4 

Cutch State. (2 ft. біп.) С. С. Sheth, B.A., Bhuj, Cutch. 

Darjeeling Himalayan. (2ít). К. R. Kirby, Tindharia. 

Dehri-Rhotas (Light). (2ft. біл.) С. Caw, Manager and 
Engineer, City, District Shanhabad. 

Dholpur-Bari. (2 ft. біп.) S. К. Phansey, Manager, Dholpur. 

Eastern Bengal State. (5ft. 6 in., Metre, and 2 ft. біп. 
gauses). H. H. Spalding, V D., Loco and Carr. Supt., 

anchrapara 


para. 

East Indian State (5 ft.6in.). А.Е. Pearse, Chief Mechanical 
Engineer, Calcutta. R. L. Ray, Deputy Chief Mechanical 
Engineer, Lillooah. 

Futwah-Islampur (Light). (2 ft.6in.) H. St. J. Sanderson, 
Chief Mechanical Engineer, Arrah. Ё 

Gondal. (Metre). Kumar Shree Natversinhjee, Loco. and 

rriage Superintendent, Gondal. 

Great Indian Peninsula State. (5 ft. & in.) L. Bigg-Wither, 
Dy., Chief Mechanical Engineer, Parel, Bombay. А. Е. 


Jocobabad-Kashmere, (2 ft. біп.) Worked by N.W.R. 
Jamnagar. (Metre). Е. С. Nissen, Jamnagar. 


Р. С. Porteous, O.B.E., V.D., Perambur Works. Madras. 
Morvi, (Metre). V. К. Rana, Loco. and Carriage Su erin“ 
tendent, Morvi. 
Mysore State. (Metre, 2 ft. 6in., and 2ft.) Е. J. Kelly, 
Loco. Supt., Mysore. 
М. Venkatesh, Carriage and Wagon Зорь. Bangalore. 
Nizams Guaranteed State. (5 ft. біп. and Metre). С. R. C. 
Huddleston, Lallaguda, Secunderabad. 
North Western State, (5 ft. 6 in. and 2 ft. 6 in.) C.M.E., J. H. 
Smellie, D.S.O., O. B. E., Chief Mechanical Engineer, Lahore, 
Rohilkund-Kumaon. (Metre). С. К. Mann, Izatnagar. 
South Indian. (5 ft. & in., Metre, and 2ft. біп.) Loco. 
and Carriage, Major J. H. Lambert. Negapatam. 
Te: UA (2 ft. біп.) A. Duchi, Tezpur, Assam. 
Udaipur-Chito: h. (Metre). М.Н. Irens, Manager, Udaipur, 
West of India Portuguese. (Metre). Worked by M.S.M. 


STRAITS SETTLEMENTS. N 

Federated Malay States & Johore State Railways. (Metre). 

A W. Sutherland Graeme, Central Workshops, Kuala 
umpur. 


xviii. 


SPECIALISTS 


IN ALL TYPES OF 


BUFFING AND 
DRAFT GEAR 


Sole OWNERS and MANUFACTURERS of 
A.B.C. PATENT COUPLERS, Automatic, Jones- 
Watson, Auto-Pin and Link, and other types. 
PATENT TRAMWAY COUPLERS. 


Jones-Watson PATENT Рлуоткр BUFFER 
COUPLERS, 


A.B С. Patent Н.Т. біре Burrers. (Various 
Designs). 


The Міко" PATENT SELF-CONTAINED бірек 
Burrer to R.C.H. Regulations. 

“ Micks" Parent Sipe Burrers to Clearing 
House Dimensions. 


“‘Lavopex" Patent Non-Twistinc SPRINGS. 
Watson's PATENT VARIABLE SPRING Gear, for 
applications of Rubber or steel Springs. 
Госкукк'5 Patent DOUBLE-BEAT REGULATOR 
VALVE For LOCOMOTIVES. 


THE GOODALL ARTICULATED DRAWBAR BE- 
TWEEN ENGINES AND TENDERS, 


A.B.C. PAT. STEERING Gear Burrers FOR 
Suirs. 


M.C.B. COUPLERS, STANDARD Түрк and also 
our Patent Types. 


A.B.C. COUPLER AND 
ENGINEERING СО. LTD. 


Head Office and Showrooms: 
Queen Anne's Chambers, London, S.W.1 
Telegrams: “ Autobuff. Parl, London." Tel. Victoria 1561 

Codes: A.B.C. Sth Edition and Bentley's. 


Works: Fallings Park, Wolverhampton 
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IRAQ. 
Mesopotamia. (4 ft. 8} т. and Metre). Lt.-Col. J. Ramsay 
Tainsh, C.B.E., Baghdad, Iraq. 


Palestine, (4 ft. 2H in. and metre). Н. A. Cotching, Haifa 


1 ISLANDS, 
Manila, (3 ft. 6 in. 5 F. H. Dod, Manila. 


SIAM. 
Siamese State Railways. (4 ft. 8} in. and Metre). 
Н.Н. Prince Purachatra, Chief Engineer, Bangkok. 
S. Banchong, Chief Mechanical Engineer, Bangkok. 


AFRICA. 
British Central Africa. 
Mg men Nyasaland. (3ft.6in.) J. Storar, Limbe, 


and. 
KENYA COLONY. 
Uganda Railway. (Metre). H. B. Emley, Chief Mechanical 
Engineer, Nai Tobi, Kenya Colony. 


EGYPT. 
үр чн State fure (4 ft, 81 in. aped ft. 6i 2 J. M. E. 
gton, B f Mechanical meo Boulac, Cairo. 
Sudan —— ps (3ft. біп) R. Fawkes, 
Chief Mechanical Engineer, Atbara, Sudan. 
Alexandria-Ramieh. (4 ft. 83 in.). Electric. A. Hourvitz, 
xandria. 
Mes Delta (Light). (2 ft. 6in.) J. Garnsworthy Smith, 


kdo cali, (Light). (2 ft. 6 in.) C. Duquenne, Engineer, 


Gold Coast Government Rallways. (3 ft. біп.) = T. Kerr, 
Chief Mechanical Engineer, Sekondi, Gold Coas 


L3 Government Pei 241 e ft. 2 I S 2 ft. 6 in.) 
J. B. Hewson, General T. H. Tanner, Port 
Xm Mauritius. 
Nigerian Government Railways. (3 ft. біп. and 2 ft. 6 in.), 
Е. M. Bland, General Manager. Ebute Metta, Lagos. 
M. P. беш, Chief Mech. Eng., Ebute Metta. 


Benguella Rail (3 ft. 6 in. D. Clark, Lobito- 
ces General re a es ЖМ Sant Anna. 


Rhodesia & Mashonaland Railways. (3 ft. біп. gauge). E. 
Н. Gray, Bulawayo. 


Sierra Leone Government Railways. (2 ft. 6 іп.) R. Malthus, 
Chief Mechanical Engineer, Freetown, Sierra Leone. 


Tanganyika. (Metre and 2ft. біп.) К. С. Strahan, Chief 
Mechanical gineer, Dar-es-Salaam. 


Trans-Zambezia Railway. (3 ft. біп.) J. Storar, C.M.E. 


LENTZ PATENT РОРРЕТ VALVES FOR LOCOMOTIVES 
OPERATING ECONOMIES AND GREATER POWER OUTPUT 


L. & N.E, Ry., 4-6-0 TYPE EXPRESS LOCOMOTIVE FITTED WITH LENTZ POPPET VALVES 


LENTZ PATENTS LTD., 3 STANLEY HOUSE, DEAN STANLEY ST., WESTMINSTER, S.W.1 


“XIX 
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UNION OF SOUTH AFRICA. 


South African Railways. (3 ft. 6 in. and 2 ft.) F. R. Collins, 
D.S.O., Chief Mechanical Engineer, Pretoria. 
Advisory Engineer in London: G. G. Elliott, Trafalgar 


Square. 
ире Сорри Railway. (2 ft. біл. gauge). W. Е. Кіно, 
id 


p. . 
New Cape Central. (3 ft.6 in.) F. Dawson, General Manager 
Robertson Station, Cape Colony. 


AUSTRALASIA. 


New South Wales Government e (4 ft. 8} in.) 
E. E. Lucy, Chief Mechanical Engineer, fern, Sydney. 
A. D. J. Forster, Assistant C.M.E. 

Commonwealth Rallways, Trans-Australian, (4 ft. 8} in.) 
G. A. Gahan, Chief Mechanical Engineer, Port Augusta. 
соии Engineer, W. Н. Woolnough, Victoria St., 

1 


Queensland Government, (3 ft. 6 in.) R. J. Chalmers, 
Ipswich 


Silverton Tramway. New South Wales. F. L. Rushton, 
Broken Hill, N.S.W. 

South Australian Government. (5 ft. 3in. and зи. біп.) 
F. J. Shea, Islington, nr. Adelaide. 

Tasmanian Government, (3ft. Gin. and 2ft.) H. В. 
Bennett, Chief Mechanical Engineer, Launceston. 

Emu Б Railway, Tasmania. (3 ft. Gin.) A. Richardson, 
Chief Mechanical Engineer, Burnie. 

Mount Lyell Mining Railway. (3ft. Gin.) С. W. Wright, 
Chief Mechanical Engineer, Queenstown. 

Victorian Government, (5ft. 3in.) А. E. Smith, Chief 
Mechanical Engineer, Melbourne, Consulting Engineers, 
ohn Coates & Co., Ltd., Victoria House, Melbourne 
lace, W.C.2, 

West Australian Government, (3ít. 6in. E. A. Evans, 
Chief Mechanical Engineer, Midland Junction, W.A. 

нини of Western Australia. W. Wilsgn, Midland Junction, 


New Zealand Government Railways. (3 ft. Gin. gauge). 
С. S. ivy: Chief Mechanical Engineer, Wellington, N.3. 
Consulting Engineer, Rendle Harvey, 34, Victoria St., 
1. 


S.W. 
CANADA, 


Algoma Central & Hudson Вау. (411. S] in.) C.D. Rafferty, 
Master Mechanic, Sault Ste Marie. 

Algoma Eastern, 

Canadian National Railwa: (4 ft, 8} т.) C. Е. Brooks, 
Chief of Motive Power, Montreal. 
С. Е. Smart, Chief of Car Equipment, Montreal. 
С. В. Brown, Chief Engineer (Operating Dept.), Montreal. 

Canadian Pacific. (4ft. Slin. C. H. Temple, Supt. of 
Motive Power. Montreal. 


THE “ROSS” 
Patent Muffied 
Pop Safety Valve 


ы а; 


4 in. diameter valve as supplie for some of the largest 
engines ever built in Great Britain. 


R. L. ROSS & CO. Limited 


Premier Works, STOCKPORT, England 


Telegraphic Address: '' Lubrication, Stockport.” 
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Quebec Central. (4ft. 8}їп.) С. М. Robins, Master 
Mechanic. Sherbrooke, Quebec. 

Temiscouta, (4 ft. 8$ in.) W. J. Walsh, Master Mechanic, 
Riviere du Loup, Quebec. 

TRE & Northern Ontario. S. B. Clement, Chief 

ngineer. 

Te Hamilton & Buffalo. (4ft. 81 in.) W. T. Kuhn, 
Supt. of Motive Power, Hamilton, Ont. 

Newfoundland. (3 ft. 6 in.) J. Н. Folmor, Supt. of Motive 
Power, St. Johns, Newfoundland. 

Dominion Atlantic. (Nova Scotia). (4ft. 8} т.) D. L. 
Derrom, Master Mechanic, Kentville. 


MEXICO. 


El ul Mining & Railway. (3 ft.) A. Е. Main, Manager, 
] Oro, Mexico. 
e te (4 ft. 8} in., 3 ft., 2 ft. 6 in., and 2 ft.) F. Smet- 
hurst, Supt. of } fotive Power, Orizaba, Mex. 
National Railways of Mexico. (4 ft. 8} in. and 3ft.) J. M. 
Santos, Loco. Supt., Mexico City. 


7 BRITISH HONDURAS. 
Stann Creek, (3 ft.) G. W. E. Francis. 


BARBADOS. 


Bridgetown and St. Andrews. (2ft. Gin.) Р.Р. Higgins, 
General Manager, Bridgetown. 


SOUTH AMERICA. 
Argentine Republic. 


State Railwa; (Metre, 4ft. Shin. and 5Н. біп.) А., 
Pasquini, ru 672, Buenos Aires. 
Argentine North Eastern. (4 ft. Sjin.) E. Noble, Chief 
* Mechanical Engineer, Concordia. 
Argentine Transandine. P. Fishwick, Loco. Supt. 
Buenos Aires & Pacific. (5ft. біп.) R. C. Kimberley, 
Chief Mechanical Engineer, Junin, Buenos Aires. 
Buenos Aires Great Southern. (5ít. Gin.) Pedro C. Sacc- 
aggio, Chief Mechanical Engineer, ран Aires. 
Buenos Aires Midland. (Metre). Р. W. Dobson, Loco. Supt., 
Buenos Aires. 
Buenos Aires Western. (5 ft. біп.) А. W. Bannatyne, 
Chief Mechanical Engineer, Buenos Aires. 
Central Argentine. (5 ft. 6 in.) W. Percy Deakin, Chief 
Mechanical Engineer, Rosario. 
IL of Buenos Aires, O. Jaette, Loco. Supt., Buenos 


Cordoba Central. (Metre). L. S. Simpson, C.B.E., D.S.O., 
Chief Mechanical Engineer, Cordoba. 

Entre Rios. (4 ft. 81 т.) Е. Noble, Concordia. 

Province of Santa Fé. (Metre). A. Jonesca, Buenos Aires. 


Record of 40 years. 
Simplicity, Efficiency 
and 
Durability. 


то 
Вгатїї, 
x — 85 (Metre). E. Bittencourt, Araraquara, State of 
Brazil Great Southern. (Metre). F. V. Lander, General 
Manager, Uruguayana. 


Central of Brazil. (5 ft.6 in. and Metre). J. de A. Ribeiro, 
Loco, Supt., Rio de Janeiro, 


Great Western of Brazil. (Metre). Snr. Pelagio R. dos 
Santos, Loco. Supt., Pernambuco. 


Leopoldina. (Metre). R. C. Crocker, Loco. Supt., Rio de 
Janeiro. 


M na, (Metre and 2ft. Oin. Dr. Н. A. Da Casta: 
pinas. 


Paulista. (5 ft. біп. Metre and 2 ft 0 in.) J. Cintra, Loco. 
Supt., Jundiahy. 

San Рашо. ( ft. Gin. and Metre), Н. E. Dalzell, C.M.E., 
баб Paulo. 


Sorocobana. (Metre gauge). А. С. R. da Luz, General 
Manager, Sad Paulo 


Western of Minas. (Metre and 2 ft. Gin.) Е D. Paes Leme, 
Bello Horizonte, Minas Geraes. 
British Guiana. 


Government Railways. (4ít.Slin. and ЗН. Gin.) A. H. 
July, Loco. Supt., Georgetown. 


сыш. 
Agua-Santo. (2 ft. 6 in.) J. Elliott, Culeta-Buena. 
Arica-La Paz, (Metre). М. Araya, Arica, 


Anglo-Chilian Nitrate. (3 ft. 6in.). Owned by the Anglo- 
Chilean Nitrate Corporation, Ltd., 120, Broadway, New 
York, U.S.A. 


Antofagasta & Bolivia. {Metre and 2 ft. 6 in.) Н. R. Hood. 
Mejillones. 
Е. Fraitag, Uyuni. 


Arica & Таспа, (4 ft. 8J in.) М. E. Yorke Eliot, Таспа. 
Carrizal & Carro Blanco. (4 ft. 2 in.) J. King, Engineer, 
Carrizal, 


Chillan Northern. (Metre). H. R. Hood, Antofagasta. * 
Chilian Transandine. (Metre). P. L. Fishwick, Los Andes, 
Junin, (2 ft. біп.) P. Clarke, General Manager, Iquique. 
Nitrate. (4 ft. S] in.) T. Jefferson, Iquique. 

Taltal. (3 ft. 6 in.) W. Н. Revill, Taltal. 


KERR, STUART & CO. LTD. 


Railway Specialists and Locomotive Builders, 


5 Broad Street Place QUEE ЖҚ. London, E.C.3. 


"трех 


її 
Colombia, 


Атаға, | (3 ft.) Salvador, Master Mechanic, Medellin. 
Ambalema-Ibague. (3 ft) , Master Mechanic, 


ma. 
—— (3 ft.) H. Anderson, Locmotive Superintendent, 


Barrancabermeja. (мене) Goodwin, Master кеі 
bee Centro-Barran 


juill 
— (3 ft.) C. Bazurto, Master Mechanic, Pereira. 
Carare. (Metre.) P. С. Dewhurst, C.M.E., Bogota. (Works 


а.) 
Cartagena, (3 ft.) К. Boyd, Master Mechanic, Cartagena? 
Central В Bolivar. (3 . . С. Dewhurst, C.M.E., Bogotá. 
Central ] Northern (Div. 1). (Metre.) Р, С. Dewhurst, 
Е., Bogotá: (Works at La Gomez. oye 
(Div. 2). (Мече) P. С. Dewhurst, 
. Newbold, Division Locomotive Ѕирегіп- 


Cucuta. (Меце.) J. J. rras, Master Mechanic, San 


Cucuta-Pam X . — P. С. Dewhurst, C. M. E., 
Js de 2. ET, ter Mechanic. (Works at San 


Dorada. (3 ft.). R. G. К. Melrose, Locomotive Superin- 
tendent, Mariquita. = 
Girardot, ' (3 tt) P.C — C. M. E., Bogotá; S. 
Phelps, Div. Loco. S. at Girardot. 
ыы ا‎ (3 ft.) "c. DC C.M.E., Bogotá. 
C. Bazurto, Master Mechanic. (Works at Pereira.) 
Narino. (3 Be Р. С. Dewhurst, C.M.E., Bogotá. (Works 
а! 
North masters: (мене) G. Melo, Master Mechanic, Bogotá. 
с. (3 ft.) P.C whurst, C. M. E., Bogotá; 


Division Locomotive узраш rintendent. (Works at D. uaj 
Santa Marta. (3 ft.) le, Locomotive Superinten 
Santa Marta, 
Santander Timba, re ft.) Master Mechanic, 


tander, 1 
Southern. (меке Р. С. Dewhurst, С.М.Е., Bogotá; 
E Newbold, Division Locomotive Superintendent, ons 


T gota.) 
elima. (3 ft) P. C. Dewhurst, C.M.E., Bogotá; S 
Phel; aD sional Locomotive Superintendent. (ons 


Western . (3 ft.) P. C, Dewhurst, C.M.E., Bogotá; 
(Works at Bolornbolo.) 

Western of Bogota (Metre) —— Master Mechanic, 
Bogotá. 


xxiii 


THE BEST LOCOMOTIVE SPEED 
INDICATOR & RECORDER. 


INDICATES :— Speed. Total mileages since appli- 
cation of instrument. Total mileage of each run. 
Time of day in hours and minutes. 


RECORDS :— Speed attained at any point of the 
run. Time the engine or coach is at work. Distance 
covered. Duration (up to 2; hours) and point of 
stops. Time of day in hours and minutes. 


HASLER TELEGRAPH WORKS 


28 VICTORIA STREET, LONDON, S.W.1 
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Ecuador. 

Guayaquil & Quito. (3 ft. Gin.) W. С. Simmons, Huigra, 
Ecuador. 

Paraguay. 

Central. 14 ft. 3} in.) E. Thomas, Chief Mechanical En- 
gineer, Sapucay, Asuncion. 

Peru. 2 

Cayalti. (0-60m.) Е. W. Main. 

Central of Peru. (4 ft. 8} in.) R. D. Deacon, Supt. of 
Motive Power, Callao. 

Eten, (4ft. 81 in.) E. Vargas, Engineer, Eten. 

Pacasmayo & Guadalupe. (4 ft. SJ in.) А. S. Cooper, C.B., 


ma. 
Southern. (4 ft. 8} in.) H. W. O'Hagan, Arequipa. 
Trujillo. (3ft) H. E. Dawson, Trujillo. 
Uruguay. 


Central. (4 ft. Sz in.) P. Sedgefield, Montevideo. 
Midland, (4 ft. В in.) J. Wavrunek, Paysandu. 
Northern. (4 ft. 8} in.) 

North Western. {4 ft. Shin.) 


Venezuela, 


Bolivar. (2 ft.) C. H. Carstens, Aroa. 
Guaira & Caracas. (3 ft.) А.С. Clarke, General Manager, 


aracas, 
Puerto Cabello & Valencia. (3ít.6in.) B. Hewitt, Valencia, 


CUBA. 

United Railways of the Havana & Regla Warehouses. (4 ft. 
S in. and ЗИ.) T. E. Keyworth, Chief Mechanical 
Engineer, Cienaga, Havana. 

Northern. A. Jiminez, Loco, Supt., Могба. 


GUATEMALA, 


International Railways of Central America. 
Chief Engineer: С. Chandler, Guatemala, С.А. 


JAMAICA, 


Jamaica Government Railway. (4 ft. 8} in.) P. М. McKay, 
co. Supt., Kingston, Jamaica, B.W.1. 


" ” 


SAN DOMINGO. 
Govt. Railway. 1. A. Baldwin, San Domingo. А 
Samana-Santiago Railway of San Domingo. (3 ft. 6 in.) 
J. Е. Laing, Sanchez, San Domingo. 


TRINIDAD. 


Trinidad Government Railways. (4 ft. 8} in.) Capt. Е.Н. 
Wainwright, Port of Spain 


xxiv. 
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INDUSTRIAL WORKS OWNING 
LOCOMOTIVES. 
Standard 4 ft. 8} in. gauge unless otherwise stated. 
Abram Coal Co. Abram Collieries, Bickershaw, near Wigan. 
2 locos. Thos. Molyneux, Engineer. 
Ackton Hall Colliery Co., Featherstone, near Pontefract. 
4 locos. W. H. Scholes, Engineer. 
Edgar Allen & Co., Ltd., Sheffield. 1 loco. T. W. Barley, 
Біпеет, 
Samuel Allsopp & Sons, Ltd., Burton-on-Trent. 4 locos. 
L. C. Smith. Engineer. 


Anglo-Scottish Beet Sugar Corporation, Colwick. 2 locos. 
Ashington Coal Co., Ltd., Newcastle-on-Tyne. 17 locos 
(4 ft. 8} in. and 2 ft. gauges). John Eskdale, Engineer. 
Associated Portland Cement Co., Ltd., Swanscombe, Kent. 

с locos. (3 ft. 54 іп. gauge). К. S. Wellstead, Engineer. 
tley & ,Tyldesley, near Manchester. 
5 ей 9 рен 
"оны Colliery Co., West Cramlington, near Newcastle. 
соз. 


Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 24 
locos., 1 crane loco., 5 locos. (2 ft. 10 in. gauge), 2 electric 
locos. W. Е. Clement, Engineer. 

Bass, Ratcliff & Gretton, Ltd., Burton on-Trent. 7 locos. 

Beckerstaffe Coal Co., Ltd., Ormskirk. 1 loco. J. Diggle, 

gineer, 

Bold Venture Lime Со., Ltd., Chatburn, near Clitheroe. 

со. 


John Bowes & Partners, Milburn House, Newcastle-on- 
Tyne. Works at Marley Hill, Pontop, Dipton, Springwell, 
etc.: 15 locos. J. English, Engineer, 

City of Birmingham Gas Dept., Gas Works, Saltley, Birming 
ham, 13 locos (5 works). J. Foster, Engineer in Chief. 

Birtley Iron Co., Birtley, Co. Durham. 2 locos. 

Blaina Colliery, Swansea. 2 locos. Rhys Hughes, Engineer. 

British Copper Manufacturers, Lid., Swansea. 10 locos. 

Richard Briggs & Sons, Ltd., Quarry Owners, Clitheroe. 1 
Steam, 2 internal combustion locos. 

ша Brown & Co., Ltd., Atlas Steel & Iron Works, Sheffield, 


Brown, Bayley's Steel Works, Sheffield. 4 locos. F. С. Bell, 


Engineer. 
Butt Co., Lid., Butterley Ironworks, Derby. 21 locos. 
G. Е. Wright, Director and Manager. 


Buxton Lime Firms Co., Ltd., Royal Exchange, Buxton. 
10 steam and 4 internal combustion (4 ft. 8} in.), 9internal 
combustion (2 ft.). 


хху. 


“ Sentinel" Patent Locomotive Type D.E. 200 В.Н.Р. 


N the design of Sentinel“ Patent Loco- 

motives the fullest use has been made of 

advances in steam engineering, and the results 
are revolutionary. 


Not only are these locomotives effective and 
economical for all kinds of shunting, on which 
work they can often save their entire cost in one 
or two years, but they have a large field of use- 
fulness in other Railway Work 


They save 50% in Fuel. 
` They save 50% in Repairs. 
They save 50%, in Stores. 


They burn coal, coke, wood or oil fuel, so are 
independent of imported fuel. 


The Economy, Speed and Power of these 


ocomotives make profitable Road competition 
impossible. 


The “Sentinel” Waggon Works Ltd. 
Railway Department 
Iddesleigh House, Caxton Street, 
London, S.W.1 
Telegrams : Codes: 


“ Sentnoll, London" Bentley's ABC. 
5 h & 6th Editions 


Cadbury Bros, Ltd., Bournville, Birmingham. 5 1осоз. 
Barrow, Engineer. 
Cannock & еу Colllerles, Hednesford. 8 locos. — 
Taylor, Chief Engineer. 
Cargo Fleet Iron Co., Ltd., Cargo Fleet, Middlesbrough. 


1. &r лате. Ltd., Milnes House, Wakefield. 9 locos. 
. Lodge, Engineer. 

Chatterley Whitfleld Collieries, Ltd., Whitfield Colliery, 
Norton in the Moors, Stoke-on-Trent. 10 locos. 

Charing Cross & City Electricity Supply C»., London. 2 locos, 

Cleeves* Western Valleys Anthracite Collieries, Ltd., Amman- 
ford, 4 locos. eater, Engineer. 

Cleveland Bridge & Engineering Co., Ltd., Darlington. 1 loco. 
10 loco, cranes, 8 petrol locos (2 it, gauge). 

Clifton Colliery Co., Ltd., Nottingham. 3 locos. G. W. Lawson, 
Engineer. 

Cochrane & Co., Lid., — Iron Works, Middlesbrough- 
оп-Теез. 15 locos. TR. Trusson, Engineer. 

Co Brothers & бо, Lu. C Coryton, Essex. 21ocos. J.H. 

reeman, Engineer 
Cramlington Coal Co., Cramlington, Northumberland. 


baun Iron Со., Whitehaven. 2 locos. 
ton Main Colllerles, Silverwood Colliery, ымына, пг. 
Rotherham. J. Clark, Engineer. 4 locos travelling 


J. Н. Dennis, Nocton, Lincs. 1 loco. 
Dinorwic Slate Quarries, Port Dinorwic, N. Wales. 3 locos., 
4 tt. gauge; 20 locos, I ft. 11} т. gauge. Vaughan, 
ms, Manager. 
Dorking Ing Greystone Lime & Cement Co., Betchworth, Surrey. 
W. Taylerson, Managing Director. 
Decne Long & Co., Ltd., Britannia Works, Middlesbrough. 
22 locos. John A. Thornton, Works Manager. 
Acklam Iron & Steel Works, Middlesbrough. 12 steam 
locos., 2 internal combustion locos. А. H. Taylor, Engineer, 
Carlton Iron Works. 9 locos. 
Warrenby & Coatham Ironworks. 15 locos. 
Duffryn Aberdare Coal Co., Hirwain, Glam. 2 locos, William 
Jenkins, Engineer. 
Fant, Fitewilliam’s New Stubbin Colliery, Rawmarsh, Rother- 
locos. Н. Ward, Engineer. 
Ebbw | vate Це Steel, Iron & Coal Co., Lid. 26 locos. W. J. Cole, 


Emlyn Anii Anthracite Colliery, Swansea. 3locos. J. D. Morgan, 


Exhall Colliery & Brickworks, Ltd., Bedworth, near Nuneaton. 
John Staley, Engineer. 


xxvi, 


BRITIMP 


REGO. TRADE MARK 


Metallic and Carbon 


PACKINGS 


For:— 
Locomotive, DIESEL and other 
RECIPROCATING ENGINES 
TURBINES 

REFRIGERATING AND 

HYDRAULIC MACHINERY 

CHEMICAL PLANTS 

Guns, Pumps, etc., etc. 


A patented design of Packing, embodying:— 


Simplicity Self-Lubrication 
Steam-tightness Self-Adjustment 
and the 


Minimum of Friction 


USED BY THE PRINCIPAL RAILWAYS, 
MARINE & GENERAL ENGINEERING FIRMS 


BRITISH METALLIC PACKINGS 
COMPANY LIMITED 


7 Princes Street, Westminster, London 


Telephone : Telegrams: 
Victoria 9320 “METALI PACK, LONDON” 
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Falmouth Docks & Engineering Co., Lid. 3 locos. H. W. 
Bartlett, Engineer. xe 

белімі Fox =! o Ltd. en Works, near Sheffield. 

12 locos. Robinson, Engineer. 

Gas, цем а 0 d E 5 Road, Westminster. 58 
locos., 4 ft. 8} in. gauge; 3 locos., 2 ft. 9 in. gauge; 6 
locos., 2 ft. 0 in. gauge. T. Hardie, Chief Engineer, 

Glasbrook Bros., Ltd., Swansea. 6 locos. A. James, Engineer. 

Glasgow Corporation Gas Department, Glasgow. 13 locos. 
(4 ft. 85 f in, gauge), 27 locos. (2 ft. gauge), 7 locos. (2 ft. 6 in. 
gauge), 2 electric locos (2 ft. 6 in. gauge). J. W. McLusky, 

gineer. 

Glasgow Iron & Steel Co., Ltd., Wishaw. 13 locos. 

‚ Pomphrey, Engineer. 

Greaves, Bull & Lakin, Ltd., Harbury, Leamington. 5 
locos., 3 ft. gauge. W. Minto, Loco. Eng. 

Arthur бетімен vhs Co., Ltd., St. James' Gate Brewery, 
Dublin. 22 locos., I ft. 10 in. gauge; 2 locos., 5 ft. 3 in. 
gauge. Т.М. uii igan, Engineer. 

ten И Mills & Co., Ayresome Ironworks, Middlesbrough. 


wiam Harrison Ltd., Brownhills Collieries, near Walsall. 
3 locos. John Walton, Engineer. 

Harton Coal Co., Ltd., South Shields. 3 locos. (steam), also 
Several electric. 

Richard Heath & Low Moor Ltd. сосын ум езет Coal and 
ron Works, Stoke-on-Trent. 16 locos. Engineer, 

Alfred Hickman Ltd., Spring Vale Furnaces, — ——— 
ген Works: 23 locos. (4 ft. 8} т. gauge). 1 loco. 

gauge). 

At Mines: 4 locos. (2 ft. gauge). 2а керу! Engineer. 

Huntley & Palmers, Ltd., Biscuit Reading. 4 locos. 


Imperial Paper Mills Ltd., Dyciites ж Kent. 3 locos 
fireless). W. H. Salmon, M.I.M.E пеег. 
Ind, Сооре & Co., Lid. — — 2 H. Dolman, 


John не & Со., Woodville, Burton-on-Trent. 5 locos. 
James Joicey & Co., Ltd., 8 Hall, Tantobie, S. O., 
Со. Durham, 9 locos. Short, Engineer, Beamish 
S. O., Со. Durham. 
bton & wo Collieries Ltd., Silksworth Colliery, 
Sunderland. 1 loco. Thos. Charlton, Engineer. 
сі vetri ore Det, Markt Hall, Leeds. 4locos. C.S. 


Bros, 144. 7 Port Sunlight. 12 steam and 1 Fireless 
— Ed. ft. ft Spin, gau gauge). 4 steam (2 ft. gauge). W. L. 


me ilia ек "Ltd., Shifnal. 11 locos. H. Hilton, 
Littleton Со СоШегіев. — Hall, Engineer. 5 locos. 


Beardmore-Caprott 
Poppet Valve Gear 


Dynamometer tests 


О = the LM. & S. 

Ry., showed com- 

© parative savings 

considerably over 

Fz > ten рег cent. 

Ace Si For fullest par- 
ticulars, literature 

and actual tests, 


write now. 


`w Lad 
AND ARDI LIMITED > 


Locomotive Works - - GLASGOW 
36 Victoria St., LONDON, S.W.1 
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Lothian Coal Со. Ltd., Newbattle Collieries, Newtongrange, 

Midlothian. 

J. Lyons & Co., Ltd., Cadby Hall, Kensington. 1 loco. 
Greenford Works. E. Price Jones, Chief Engineer. 

Manvers Main Collieries, Lid., Rotherham. 10 locos. 

Middleton Estate and Colliery Co., Lid., Leeds. 5 locos. 

as. Robinson, Engineer. 

Midland Coal & Iron Co., Ltd., Newcastle, Stafls. — Cork, 
Chief Engineer, 12 locos. 

Mitchell Main Colliery Co., Ltd., Barnsley. 2 locos. J. К. 
Brittain, Engineer. 

Metropolitan Water Board, Rosebery Avenue, Clerkenwell. 
3 locos. (2 ft. 6 in. gauge), 1 loco. (4 ft. В} in. gauge). 
H. W. Stilgoe, M.I.C.E., Chief Engineer. 

Normanby Ironworks, Middlesbrough. 8 locos. 

North Bitchburn Coal Co., Lid. 9 locos. 

North Lonsdale Iron & Steel Co., Lid., Ulverston. 4 locos. 

Macklin, Engineer. 

Дек» Navigation СоШегіез, Maesteg, Glam. W. McPherson, 

ngineer, 

Parkgate Iron & Steel Co., Ltd., Rotherham, 15 locos., 5 locos. 
(3 ft. gauge). C. B. Capon, Engineer. 

Partridge, Jones & John Paton, Ltd., Abersychan, Mon. 

locos. T. В. Cryer, Engineer. 

iu & Partners, Ltd., Mees Жош Works, Middlesbrough. 

COS, 
Skinningrove Ironworks, Saltburn-by-the-Sea. 17 locos. 
W. P. Richmond, Engineer. 

Lord Penrhyn's Quarries, Bethesda, North Wales. 20 locos. 
narrow gauge). J. Jack, Engineer. 4 
Pelaw n Collieries, Birtley. 13locos, С. W. N. Harrison. 
Penrikyber Navigation Colliery Co., Ltd., Penrhiwceiber, 

Glam. 2 locos. T. E. Phillips, Engineer. ^ 
Platt Вгоз. & Co., Ltd., Oldham. 9 locos. (4 ft. 8; in. gauge), 
electric locos (2 ft. 6 in. gauge). 
озеп Duffryn Steam Coal Son Aberaman, near Aberdare. 
16 locos. Ivor Williams, Engineer, Bargoed. 

Priestman Collieries, Ltd., Millburn House, Newcastle-on- 
Tyne. 14 locos. 

River Wear Commissioners, Sunderland. 7 locos. A. 
Crombie, Engineer. 

Rother Vale Collieries, Treeton, near Rotherham. 8 locos. 
F. M, Castleman. Engineer. 

Seaham Harbour & Dock Co. Seaham Harbour. 9 locos. 

Seaton Burn Coal Co., Forest Hall, Northumberland. 13 locos. 

Seaton Delaval Coal Co., Seaton Delaval, Northumberland. 

cos. 


xxviii. 


The **Atkinson - Walker” 
Rail Tractor 


A modern substitute for the century 
old Locomotive 


"Uniflow" Engine; Indestructible Boiler; 
Fuel less than half; Maintenance one tenth. 
ANY POWER 
ANY GAUGE 


Agents wanted Overseas 


Catalogue, Price, and full particulars from; 


ATKINSON WALKER WAGONS LIMITED 
FRENCHWOOD WORKS, PRESTON 


Telegrams: “Wagons, Preston” Telephones 2131 and 2132 
Code: Bentley 


к Gas Co., Commercial St., Sheffield. 2 locos. 


qos 19 

ир Canal Portland Cement Manufacturers, Ltd., Ellesmere 

‘ort. 4locos. W. Hodgson, Manager. 

2 Iron Co., Ltd., Shotts’ Iron Works, Shotts, М.В. 
4 locos. А.В. Allison, Works Manager. 

апе Та Ltd., Silvertown. 1 loco. 

South Hetton Colllery Co., South Hetton, Co. Durham. 10 


South Suburban Gas Со., Lower Sydenham. 3 locos. 

South Metropolitan Gas Co., East Greenwich. 24 locos., 
2 sentinels, at Е. Greenwich, 3 locos (3 ft. gauge) at 

Vauxhall. 2 locos at Old Kent Road. 

Stella Coal Co., Ltd., Cathedral Buildings, Dean ak, Newcastle- 
оп-Тупе. 8 locos. Е. В. Forster, i 

The Staveley Coal & Iron Qu Lid, nea near ‘Chesterfield. 19 
locos., 3 locos. (3 ft. кор). 2 sera бай; 

Swansea Bee ap Amway 8. mways Co., Lid x locos. 

k Colllery Co., Ltd., 3 locos. 


айу гаг 
rowther, Ei 
Topham, Jones : & Halten (1928) Ltd., Swansea. 3locos., ! 
petro! loco. (2 ft. gauge). 
Trede: ра; Iron & Coal Co., Ltd., Tredegar. 6 locos. Е. Stuart 
orks Manager. 


Tyne D Commission, 17 locos. R. F. Hind- 
marsh, M. Chief Engineer, Newcastle-on- ру. 
Tyne & 1 Tees Shipping Co., Ltd., Stockton & Middlesbrough. 


United A Alkali Co., Ltd., Gateshead. (Allhusen's Chemical 
Works). 6 locos. 

United Colllerles Ltd., 109, Hope Street, Glasgow. 17 locos. 
David McQueen, Engineer. 

Victoria Coal and Coke Co., Ltd., Wakefield. 2 locos. J. 
Derbyshire, Engineer. 

Vivian & Sons, Ltd., Swansea. 10 locos. T. Hill, Engineer. 

"m Colliery Co., Ltd., Wath-on-Dearne, Rotherham. 


cos 
Wearmouth Coal Co., Ltd., Sunderland. 10 locos. C. 
West Cannock Colliery Oo 5 locos. Raithwaite, Engineer. 
ry Co. te, 
Wiltehaves Colliery Co., Ltd. 13 locos. J. W. Parker, 
ngineer. 
Wiliams & Co., Linthorpe Ironworks, Middlesbrough. 


William Whitwell & Co., Ltd., Thornaby Iron W Works, Stock- 
ton-on-Tees. 7 locos. m, Little, 
чапи & E ae ihe Brewery, Burt оп ТТЫ. 


EET of Sir Heas — Williamson, Fulwell Lime Quarries. 


ххїх. 


SIMPLEX 


PETROL LOCOMOTIVES 


All Powers 20 to 160 BH P. 
Built for all gauges and conditions of 
service. 


Sole Manufacturers and Patentees:— 


THE MOTOR RAIL & TRAM CAR 
CO. LTD. 


SIMPLEX WORKS, BEDFORD 


"Phone: Bedford 2110 Telegrams: “Motral, Bedford” 
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BRITISH LOCOMOTIVE BUILDERS. 


Andrew Barclay Sons & Co., Ltd., Caledonia Works, Kil- 
marnock ; 53, Victoria Street, S.W.1. 

Atkinson Walker Wagons Ltd., Preston; 83 Pall Mall, London. 

Avonside Engine Co., Ltd., Bristol. 

W. С. Bagnall, Ltd., Stafford ; 32, Victoria Street, S.W.1. 

Baguley (Engineers), Ltd., Burton-on-Trent. 


William Beardmore & Co., Lid., Parkhead Steel Foun 
Glasgow ; 36 Victoria Street, S. W. I. ДО; 


Beyer, Peacock & Сэ., Ltd., Go F ; 
Abbes Home, on Ltd., rton Foundry, Manchester; 


Drewry Car Co., Ltd., Burton-on-Trent ; 13, South Place, E.C. 
Jahn Fowler & Co. (Leeds), Ltd., Leeds; 113, Cannon Street, 


R. & W. Hawthorn, Leslie & Co., Ltd., Forth Banks Loco. 
Works, Newcastle-on-Tyne ; 54, Victoria Street, S.W.1. 

Е. С. Hibberd & Co., Ltd., 98, Great Tower Street, E.C.3. 

3. &. F. Howard, Ltd., Bedford ; Aldwych House, W.C.2. 

Hudswell, Clarke & Co., Ltd., Railway Foundry, Leed-. 

Hunslet Engine Co., Lid., Leeds ; 1, Broad Street Place, Е.С. 


Kerr, Stuart & Co., Ltd., Stoke-on-Trent; 5, Broad Strect 
Place, Е.С. 


8 Engineering Co., Ltd., Kilmarnock: 28, Kingsway, 


Kitson & Co., Lid., Airedale Foundry, Leeds; 3, Victoria 
Street, S.W.1. 


Motor Rail % Tramcar Co., Ltd., Simplex Works, Bedford. 
Nasmyth, Wilson & Co., Ltd., Patricroft, Near Manchester ; 
38, Parliament Street, S. W. I. 
DBE Loco. Co., Lid., Glasgow ; 13, Victoria Street, 
.W.1. 


Peckett & Sons, Ltd., Atlas Loco. Works, Bristol ; 9, Victoria 
Street, S. W. I. 

Robert Stephenson & Сә., Ltd., Darlington; 25, Victoria 
Street, S.W.1. 

Sir W. G. Armstrong, Whitworth & Co., Ltd., Elswick Works, 
Newcastle-on-Tyne ; Kinnaird House, Pall Mall, S.W.1. 

„Sentinel Wagon Works, Ltd., Iddesleigh House, S. W. I. 

Vulean Foundry Co., Ltd., Newton-le-Willows, Lancs.; 
33, Tothill Street, S. W. I. 


Yorkshire Engine Co., Ltd., Sheffield 83, Buckingham 
Palace Road, S.W.1, 


Your Tools MUST 
be Reliable hence— 
Use “CHATWIN” 
TOOLS 


A range of Engineers’ Tools 
covering Boiler Stay Taps, 
Reamers, High Speed Drills, 
Stocks and Dies, Tap 
Wrenches, Pipe Cutters, 
Adjustable Spanners, etc., 
world-famous for accuracy, 
highest quality and perfect 
manufacture. 

70 years’ specialisation is 
behind the “CHATWIN” Tools 
of to-day—on “CHATWIN” 
quality you can depend 
implicitly. 

Complete lists and prices 
will gladly be mailed you on 
receipt of request. 


THOMAS CHATWIN LTD. 


Gt. Tindal Street 
BIRMINGHAM 


5) 


xxxi. 


. SOOT | 
BLOWER. | 


or — 


THE ACTOGYROIDAL JET 


BRITISH MATERIAL AND WORK МАХИР ATHRO GHO 
_ MADU PM LONDON ЖҮ ик мин + D 


LONDON SALES OFFICE:— 
THE DIAMOND BLOWER Co. Ltd. 
9т and 93 Bishopsgate 
LONDON, E.C.2 


xxxii. 


FLEXIBLE METALLIC TUBING 


BRITISH MANUFACTURE. 
On Admiralty and War Office Lists. 


Original Inventors and Patentees of the Celebrated 
Interlocked Section. 


Steam, Highest Pressures, Oil Pumping, Air Gas, etc. 


THE UNITED FLEXIBLE 
METALLIC TUBING Co. Ltd. 


Hean OFFICE: 
112 QUEEN VICTORIA ST., LONDON, E.C.4 
Works: Ponder’s End, Middlesex. 
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LOCOMOTIVE ENGINEERING. 


1. GENERAL CONDITIONS. 


The selection of the proper Design for a Locomotive 
Engine and conversely, the criticism of the Performance of 
à Locomotive Engine must be based, as in all other machines, 
Upon a full knowledge of the conditions under which the 
engine has to do its work, and of the nature of the work 
Which it has to do. The foliowing is a specification of such 

tions as they occur in general practice, эй :— 


Conditions imposed by Nature. 


Climate, This has to be taken into account chiefly as to 
dryness or humidity as апей the state of the rails, 
and uently the adhesion of the driving wheels there- 
with. It has further to be considered in relation to the 
Protection of the enginemen from the direct sun, the rains 
апа the sand storms of the tropics or from the ice and snow 
9f the northern regions. 

Water. The impurities carried in solution in the water 
Supply must be taken into account, and if bad water must 

used extra facilities must be provided for thorough “ wash- 
duts“ of the boiler. The distance between water supply 
stations defines the necessary storage to be provided, t,e., 

tank ca; ty,” and consequently whether a Tank-engine 
or an Engine and Tender is necessary. 

Fuel. The fuel of the country is a matter of primary 
mportance. Coal, wood, oil, etc., have each their respective 
and varying characteristics to be taken into account in the 
Construction and equipment of the furnace. Here also the 
distance between supply stations as affecting “ bunker 
Capacity ” has to be taken into account. 


Conditions imposed by the Railway Engineer. 


Rallway ee The Rait-Gauge or distance between the 

1з varies on different railways from 2 ft. on light railways 
Ог “ feeder lines,” p ft. 6 in. The gauge exercises a very 
great influence on the design of the engine. In actual working 
the narrower gauges have the effect of limiting the speed at 
Which truins may be run, but not the tractive force, which 
on many engines on the 3 ft. біп, gauge, for example, is 
higher than exists in modern British railways of the 4 ft. 8} in. 
ER A table giving the principal gauges in use in the 
world is given on another page. 

The Gauge of Maximum Moving Dimensions defines at 
various points the maximum widths and heights of the 
engine. It is, on British railways, with reference to this 
Rise more than to the Rail-Gauge that difficulties are now 

g experienced 
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Permanent Way and Bridges, The maximum weights 
of the locomotive as supported by the raus at the wheels 
are determined by the strength of this substructure—the 
permanent way, bridges, etc. In ordinary practice the 
weight of rail in pounds per yard is usually taken as the index 
of this strength. Also as an empirical rule, the weight of 
rail, in pounds per yard, divided by 5, gives the approximate 
limiting axle load in tons. 


Inclines. Uphill work is, as regards the loads to be hauled, 
the important factor of resistance with which an engine has 
to contend and the “ rate” of the grade, varying n main 
line practice up to 1 in 40, and in special practice to 1 in 124, 
determines the value of this factor. The length of the“ up” 
grade and its occurrence relative to easier up сз, level 
ог“ down” grade approach has also to be taken into account 
in considering the steaming capacity of the boiler, and con- 
sequently chiefly the speed at which the work can be done. 
A profile of the line is most useful in this connection. It is 
also important to observe in cases of combined incline and 
curve if the rate of the incline has been reduced to compensate 
for the additional resistance. On grades of maximum 
rate compensation for curvature " is usually given and an 
uncompensated curve may entail an additional resistance 
of 20% to the normal grade resistance. 


Curves. The minimum radius of curves determines the 
maximum ''Rigid wheel base” that can be adopted—this 
base being the distance between the centres of any group 
of axles on which the wheels have only the usual lateral 
movement between tyre flange and rail. Main line” 
curves are specially to be considered, as they have to be 
traversed at a certain speed; “ Siding curves" which are 
traversed at very slow speeds, and which are usually of a 
E radius than the main line minimum, may admit the 
use of a wheel base as determined for the latter but careful 
attention must be given to make sure that such is the case 
or a shorter base adopted. Further, special care has to be 
taken, especially in the case of flexible wheel base 
$.е., engines fitted with a bogie, radial-box, pony-truck or 
axle-boxes otherwise arranged for lateral movement, in which 
the buffer-beam has a considerable overhang that the corres- 
pondent movement is also allowed for in the case of the 
buffers and draw-gear or interlocking of buffer-heads may 
occur. 


Turntables, The utilisation of existing turntables, which 
were laid down when much less onerous conditions of traffic 
were contemplated, has very often to be taken into account. 
The diameter of the table should be known, also its sur- 
roundings relative to the overhanging parts of the engine 
and tender, such as the buffers, cowcatchers, etc. 


21 


Conditions Imposed by the Trafe Manager. 


Loads and Speeds. The prescribed load to be hauled, the 
type and weight of the vehicles to be used, and the time to be 
taken between stations complete the necessary information 
on which may be based a calculation as to the n 
engine power, or on which may be based a criticism of an 
engine's performance. 


Government Regulations are er non-existent, as 
regards locomotives, in Great Britain. In such countries 


where they do exist and are enforced they are usually confined 
within the limits of the following list, viz: 


Boiler Fittings such as Safety-Valves. Pressure-Gauges, 
Stop-Cocks on certain mountings, Water-level in- 
dicators and Speed indicators. 


Spark-Arresters in the Smoke-box and at the Ash-par 
dampers. 


Wheel Tyre profiles. 

Buffing and Draw-gear. Safety Chains. 
Feed Pump. 

Tank Water-Gauge. 

Continuous Automatic-Brake Apparatus, 


Example of Specification of General Conditions, 
Climate, Water and Fuel ..English. 
Water Stations ..........5о Miles apart. 


Coal — 4..........400 „ „ 

Rail Gauge ..............4 ft. 8j in. 

Loading Gauge .......... English. 

eine Maximum —1 in roo for 5 miles, 
with easy approach. 

с. . -Minimum—rooo ft. radius оп 
Main line and 600 ft at sidings. 

Turntables................60 ft diameter. 

REN Romine? 2. . Expres 
Pre dd ouble 

Speed ызы aic pe маке E 


hour on the maximum grade. 


Metric 
1680 


1676 
1600 


1524 
1500 


1435 


1067 


760 


British 
5ít.-6]in. 
5ft.-6in, 


5ft.-3in. 


51t.-0in. 
41t.—IIin. 


4tt.-8lin, 


31t.-6in, 


Sít.-51in. 
3ft.-3}in. 


3ít.—0in. 


2ft.-6in. 


2ft.-3in. 
2ft.-Oin. 
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RAILWAY GAUGES 


Spain, 
India, Ceylon, Argentine, Chili, Portugal. 
Ireland, Brazil, South Australia, Victoria. 


Russia, Panama, 


France (measured between centres of 
rails). 


Europe (except as stated) Canada, United 
tates, New South Wales, Common- 
wealth of Australia, Mexico, Para- 
guay, Uruguay, Peru, Jamaica, Trini- 

ad, Cuba, Egypt, Mauritius, China, 
Hongkong, Palestine, Siam, Anatolia 


South Africa, Rhodesia, Benguella, Mo- 
zambique, Nigeria, Gold Coast, 
Sudan, Queensland, Western Aus- 
tralia, New Zealand, Tasmania, 
Japan, Java, Manila, Costa-Rica. 


Tunis, Syria. 


India, Burma, Siam, Malaya, Tangan- 

De Uganda, Madagascar, Togo- 

d, Cochin-China, Argentine, 

Brazil, Peru, Chili; and in Germany, 
Switzerland and France. 


Irish Light Railways, Southwold, Isle of 


Man, Mexico, Guatemala, Peru, 
Vera-Cruz, Colombia. 


India, opos Sierra Leone, Gold Coast. 
San mingo. 


Scotland (Machrihanish). 


India (Darjeeling) South African Light 
Railways. 


Ift.-11}in, Great Britain (Festiniog, Welsh High- 


1ft.-3in. 


land and Lynton and Barnstaple ) 


England (Ravenglass and Eskdale and 
Romney, Hythe and Dymchurch.) 
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CONSTRUCTION GAUGES 


ENGLAND (AVERAGE) 
GavucE, 4 ft. 8} in. 


LONDON, MIDLAND & SCOTTISH RAILWAY 
Есіл. Lines, MIDLAND Secticn 
Поттер „ CALEDONIAN ,, 
Gauge, 4 ft. 8} in. 
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SOUTHERN RAILWAY 
FuLL Lines, бостн Western SECTION 


Боттер , SOUTH EASTERN & CHATHAM SECTION 


Gauge, 4 ft. 8$ in. 
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TT TT NM MT TAT н 


GREAT WESTERN RAILWAY 


4 ft. 8} in. 


Gauge, 
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SCOTLAND (AvERAGE) 
Gauge, 4 ft. 8} in. 


EUROPE (Passe-Partout) 
Gauge, 4 ft. 84 in. 


29 


UNITED STATES (Елзтекх Мол!) 
Gauge, 4 ft. 84 in. 


30 


INDIA (Present LIMITATION) 
Gauge, 5 ft. 6 in. 


31 


INDIA (Att Lixes) 
Gauge, Metre. 


32 


INDIA (Arr LixEs) 
Gauge, 2 ft. 6 in. 


33 


INDIA (ALL Ілхке) 
Gauge, 2 ft. 0 in. 


ARGENTINE (GOVERNMENT REQUIREMENTS) 
Gauge, 5 ft. 6 in, 
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ARGENTINE (Government REQUIREMENTS) 
Gauge, 4 ft. 8] in. 


36 


ARGENTINE (GOVERNMENT REQUIREMENTS) 
Gauge, Metre. 


37 


SOUTH AFRICA (Government Lines) 
Gauge, 3 ft. 6 т. 


38 


AUSTRALIA (COMMONWEALTH) 
Gauges, 4 ft. 8} in., 5 ft. 3 in. 


39 


NEW SOUTH WALES GOVERNMENT RYS, 
Gauge, 4 ft, 81 in. 


40 
П. RESISTANCE OF TRAINS. 


(1) Resistance on the level. 


D. К. Clark, in his work on “ Railway Machinery,” ри 
lished in 1855, Stated formule for the 8 of В й 
and trains, which until com m recent times were 

universally accepted for all of railway work. They 
are as follows :— 
Conditions. Permanent way in good order. 

Engine Tender and Train in good order. 

A straight line of rails. 

Fair weather and dry and clean rails. 

An average side wind of average strength vary 

ing from slight to very strong. 

Resistance of Engine Tender and Train in pounds 


per ton=8 + —— 171 


з 
Do. Train alone do. =в+д 
M being the speed in miles per hour. 
For ordinary practice with unfavourable conditions in 
combination, wis. :— 
Frequent quick curves under one mile radius, 
Strong side and head winds. 
Mr. Clark estimated the resistance to be 50% in excess 


of the results given by the above formule and to be taken 
as given in Table I. 


Taste I. (D. K. Clark). 


| Speed in Miles per | | NA 


$ 10 15 20 30 40 
katuna in Lbs. 

ре кач сизо 1272, 13 | 14 |15°5| 20 | 26 | 34 |435 
ender and Train | 


‘of Train alone — f| 9'6 S 1476 19 | 24 ss 


From a great number of recent investigations by various 
European experts, Mr. L. Н. Fry bas published ( The 
Engineer," Vol СУП), a series of mean formule of which 
the undernoted are approximate equivalents in terms of a 
unit of 1 ton (2240 Ibs.), instead of a unit of 1,000 Ibs, 


Beane in Ibs. per ton of an Engine with Tender. 


4 Wheels coupled (79 in. Drivers) .. 85 +°0974M + 004M? 
6 E or x AS ) ..10°08 + ‘126M --*004M* 
8 > „ 156 in. Drivers) ..13:34-- ‘48M +"004M? 


Resistance in Ibs, per ton ot Train alone, 


4 Wheeled Wagons ......... senti hasse entes sns 36 + '07М +0027M? 
Bogie Coachen eres tastes нннеее оо вовне 36 + °03M +'0022M? 
Table II. gives results at various speeds from the formule as stated by Mr. Fry. 
TABLE IL 
Speed in Miles per Hour .. 10 20 30 40 50 60 70 Bo 
Resistance in Ibs, per ton 
of 4 coup. Eng. with Tr. 988 1207 15705 18°86 23°45 28°85 35°05 42°00 
% n 1174 14'22 17'50 2157 26'50 3714 3564 
LN " 1855 | 2446 | 3r18 | 3870 


of Four-wheeled Wagons 457 6°09 B's 10°75 13°89 17°56 21°97 26°52 
Bogie Coaches ........ 499 506 647 8°33 10°64 13°39 16777 20'24 


ІР 
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Resistances on ысулы Grades. 


weig 
the ae of “ rise” or fe ag Serenade to units of length 
or * base "—the күрсен this case is usually taken for 
simplicity, the difference being immaterial. Thus И the 
Grade be т ft. rise in тоо ft. the Weight of the train be 
ї ton or 2240 Ibs. the resistance will be = ог 2274 Ibs. 
ое pe gis length is — Аары as “ Tun 

eet per mile ” of leng кака рес е per cent. 
. . хо om pi 
descri! asar one езеді қтайе, аз то їеп рег 
thousand or per mille) —.— or ora o Basti ae 
52°8 feet per mile grade. 


ЖАБЫН ПІ. 
ЕЗГІ 
Gradient, 1 in, ЕЗ 25 | 30 45 50 
Do. feet per mile 264 21172 % ie ies |11773 105°6 
Do. percent.(%) 5 | 4 | 25! 22| 2 
Do. Per mille. | | 
x orm/ | 50| 40 |333 286 25 22˙2 20 
2.4... | | 4 
Resistance in | | 
Lbs. per ton. .. па 896| 77| 64 |36 өз 448 
| ТЄ | 
zai prd ERR d 100| 120 EXEM 300 | 400 | 500 
96°0 88°о 75°4 660 52°8 4470 352 8% 20:4 176 2 106 
| r8| 1˙6 r4| 1°2| го 44.7. “Sip "830 2851272 
| 
18˙2 166 14'3 12°5 10 8: 33| 666 5 333 25 | 2 
| | 
|407 37°3 320 280 224 18:7 1479 |11°2| 75 | 56 45 


(3) Resistance on Curves. 


It is not generally necessary to take this resistance into 
eccoant as iL 1$ насу equates Буса істегім of the sptedi 
a tances or where curves are very greatly 
п evidence it may be most important that due allowance 
аа for them. This resistance is cnused by the 
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additional friction developed by the slipping of the wheels 
due to the difference in the length of the inner and outer rails 
on the curve, and by the non-radial position of axles (due 
to their distance apart or “ fixed wheel-base in relation to 
the curve). Morison in the “ Transactions of the Civil 
Civil Engineers," Vol. XXXI. formulated as under for these 
conditions, різ. :— 
D +I, 

Resistance in Lbs. per Ton=2240 DH xf, where "D" 
Rail Gauge, 'I,'"—Rigid Wheel-base ; “R= Radius of 
Curve, all being in similar terms, and “f” a coefficient of 
friction varying from o'r to 0°27. 

In Amerícan practice, the recommendation of the Master 
Mechanics' Association, presumably for U.S. conditions as 
to 4 ft. 8j in. gauge and cars with short rigid wheel-base, 
is that оғ? pound per ton, degree of curvature be allowed 
for cars and 1*4 for locomotives. А 1° curve is approximately 
5,730 feet; а 2° is 2,865 feet; a 5° із 1,146 feet, etc., and 
the American “ ton” is 2,000 Ibs, In this case the formula 
із :— 


— 5730 
Resistance in Ibs. per 2,000 Ibs = в ха 
Го рет іоп (2240 Ita) m xb 


Where В is the radius of the curve in feet, a is a constant 
having values of o'7 for Cars and 1%4 for Locomotives, for 
the 2,000 Ibs. Ton, and b is a constant ha values pro- 
portionately of 0:78 and 1°56 for the 2,240 Ibs. Ton. 

Curves are usually specified in terms of their radius in 
Chains, feet or metres or as in U.S. practice, referred to 
above, in degrees of curvature. 


TABLE IV. 
Car Resistance on Curves on the 4 ft. 8j in. Gauge and Sit. 


f is taken at 0°27 for Morison's Formula. 
b is taken at 0°78 for U.S. Formula. 


Radius in Chains 6 10 | 15 | 30 87 
Do. Feet 396 |660 990 1950 | 5730 
Do. Metres 120°6 | 20r1 | 301°6 | 603.4 | 1747 | 

Degrees of Curvature 14°5 871 5 I | 

пучка in Ibs. per | | 

п, 
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TABLE v. 


Car Resistance on Curves. Various Gauges. 12 ft. 
Wheel-base. Morison’s Formula. f=0'27. 

Resistance is given in Ibs. per ton for 15 Chain Curve. 

For other curves the resistance is inversely proportional 
to the radius. Thus, for a 4 Chain Curve, multiply 
the figure given in the table by 15 and divide by 4. 


Ball Gauge: ^| 20-2 6 3 o*| 3, 38° 3 6” 
Resistance in. | 
Ibs, per ton. | 43 | 44|46| 4°67 | 47 


478% 157375767 


5 5:26 54 


Acceleration. 


The Resistances exemplified in Tables I. and II. are for 
uniform velocity rates. There is a further resistance to be 
considered, viz.: that which the inertia of the train offers 
to a gradual increase in velocity. The force overcoming 
this resistance is called the accelerating force. The formule 

ven below are modified from the usual text-book standard 
n respect that the resistance is given in pounds per ton and 
the velocities in miles per hour. 


ee in miles per hour at close of selected 


or space. 
m=Lower velocity in miles per hour at beginning of 
selected or space. 
If the beginning is from zero then “іп "=o and 
M—m=M. 
$ =Space or distance in Feet over which the acceleration 


takes place. 
t =Time or period in Seconds during which the acceleration 
takes place. Q 
_ — 
Resistance in Lbs. per ton = 74°8 ae or 10177 — E 


Making an allowance for the го acceleration of the wheels 
апа axles entails a further m ication—giving finally :— 


—ш? 
(м? m) 108 меш 


Resistance in Ibs. per ton = 80 
Example г. “ Time” Basis, 


A train of 450 tons (Engine and Tender included) starts 
from a station, and in r minute is running at a velocity of 
16 miles per hour, in 2 minutes from start at 25 m.p.h., in 
4 minutes at 42 m.p.h., and in 6 minutes at 50 m.p.h. The 
extra resistances due to acceleration аге as under, vis. :— 


Ist stage. From zero to 16 m.p.h. іп бо seconds, 
Resistance in Ibs. per ton = хоз = TE 
Do., total for 450 tons==450 x 28"8-е17,060 Ibs. 


t бо = 28°38 
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and stage. From 16 to 25 m.p.h. in 60 seconds. 
Resistance in Ibs, per ыы кт 


Do., total for 450 tons =450 x 16°2=7290 103. 
3rd stage. From 25 to 42 m.p.h. in 120 seconds. 


Resistance in Ibs. per ton 198 (Mom) _ 108 (42-25) 
Do., total for 450 tons = 450 x 1573 = 6885 Ibs. 

ith stage. From 42 to <o m.p.h. in 120 seconds. 
Resistance in Ibs. per ton me, 
Do., total for 450 tons = 450 X 7°2 = 3240 lbs. 


In the above examples the distances run in the various 
stages are :— 
Mean 5 З Time. Distance. 
tst stage 8 mph. ... Y min. 704 Feet. 
Zu 20} „ 
а „ 33 „ 
sth „ 46, 


Example 2. ** Distance” Basis. 

A train of 450 tons (Engine and Tender included) starts 
{rom a station and at a distance of 704 feet is running ıi a 
velocity of 16 m.p.b.; 1804 feet further on at 25 m.;.h.: 
596 feet further оп at 42 mp.h.: and at 8096 feet, «till 
further, at 30 m.p.h. The extra resistances due to acce eri 
tion are as under, vis. :— 


tst stage. From zero to 16 m.p.h. in a distance of 704 feet 


* 63 
Resistance іп Ibs, рег (оп = сез — | 


Do. Total for 450 tons=450 x 29=11,050 lbs. 

znd stage. From 16 to 25 nn 1504 E — 
Resistance in Ibs, per tone eee =16'3 

Do. Total for 450 tons=450 x 16°3= 7335 Ibs. 

3rd stage. From 25 to 42 m жөн “ы ра 
Resistance іп Ibs. рег tona OE ے‎ — = 154 

Do. Total for 450 tons = 450 X 15'4 = 6930 Ibs. 

4th stage. From 42 to 50 a у зас m 
Resistance in Ibs. per tons cmn. — lbs. 
Do Total for 45c tons = 450 x 7'2 x 3240 Ibs. 


= 29 
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Note.—The slight difference in the results obtained from 
the two methods of working out the same problem is due to 
the fact that, in order to obtain simple constants, the per- 
centage allowance, for rotary acceleration of the wheels and 
axles, is not the same in the two equations. 


RESISTANCE OF TRAINS. 
General Examples. 


In the following examples, the case taken for illustration 
is that of a train of Bogie-coaches weighing 337 tons with 
a 6-coupled engine and tender weighing 113 tons. 


Example I. On the level and straight road at 60 miles 


per hour. 
Cars. E.& T. 
Resistance in Ibs. per ton at бо — 
(Table II.) 13˙39 32714 
Do. Total for train 337 * 13°39 = 4512 lbs 


Do. Total for Engine and Tr. 113х32°14 = 3632 „ 
Total 8144 „ 


Example II. On an incline of 1 in 100 at 30 m.p.h. 


Cars. Е&.Т. 

Resist. in Ibs. per ton at 30 m.p.h.(Table IT.) 6:47 1750 
Do. do, оп 1/100 („ ІП.)224 224 
Do do Total 28:87 399 

Do. Total for train 337 28°87 = 9730 lbs. 
Do. Total for E. and Т. 113X39'9 = 4508 „ 

Total 14,238 Ibs. 


Example III. On an incline of 1 in тоо, with curves of 30 
chains radius at зо m.p.h. 


Cars. E. & T. 

Resist. in Ibs. per ton as per Ex. II. 28:87  39'9 

Do.do., for 3o chain curve (Table IV.) 1'9 38 

По. до. Тоба! 3077 437 

Do. Total for train .. 337 X 30°77 = 10,369 lbs. 
Do. Total for Е. ала Т. 113х437 = 4,938 . 

Total 15,307 lbs. 


— 
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Бала d IV. Onan incline, 1 mile long, of 1/100, with curves 
o chains radius, at an “approach” speed of 28 
ае increasing to 32 m.p.h. at summit of grade. 


Resist. in Ibs. per ton as per Ex. I 3077 437 
Sox (sa 28°) 

Do. do., due to acceleration . 5280 3:63 3°63 

Do. do. Total 344 4733 

Do, Total for train 337X344 = 11592°8 Ibs. 


Do. Total for Е. and Т. 113Х 47˙33 = 53482 „ 
Total 16941 Ibe. 


55 V. As per Ex. IV, but with an “ approach“ speed 
32 m.p.h., decreasing to 28 m.p.h. at summit of grade. 


Resist. in Ibs. per ton as ке Ex. III. 30°77 437 

Бо. до. Negative” Ассп. 3°63 3°63 
Do. do. Total (being diff.) 27°14 40707 
По. Total for train 337х2714= 914618 Ibs. 


Do. Total for E. and T. 113x40°07 = 452791 „ 
Total 13674 Ibs. 


Exanıple VI. As per = Er but with an “ approach“ 
speed of 40 m.p.h., 4 to 20 m.p.h. at summit 
of ee the average speed speed being thus 30 miles per hour 

three previous 


examples. 
Resist. in Ibs. ton as Ex. III. 3077 437 
Do. 9 * Negative " Accn, 18°1 18-1 
ро, до. Total (being diff.) 1267 256 
По. Total for train 337 * 12°67 = 42698 lbs. 
Do. Total for E. and Т. 113x256 = 28928 „ 


Total 7:62°6 lbs. 
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HI. LOCOMOTIVE POWER, 


The Maximum Power of any Locomotive is its Boiler 
Power, i. e., its steam producing capacity. The Fuel (amount 
and quality) used in a stated time is the limitation of that 
power and o ег a given distance its commercial rating as to 
traffic working. In the latter case the rating is stated either 
as Pounds of fuel per mile ** or * Pound of fuel per ton-mile.” 
For present purposes, a better defined rating relative to the 
work done and the speed at which it is done, has to be adopted 
and that rating is Pounds of fuel per horse-power per hour.” 


Locomotive engineering practice differs from almost all 
other forms of iets сей practice in respect that it has 
no recognised standard of high economy for this rating and 
for the sufficient reason that comparisons of the results from 
locomotives working under various load, speed and weather 
conditions involve calculations of too complicated a nature, 
and that isolated experimental tests cannot be more than 
approximately true of average working conditions. From 
the results of the latter method, however, it may be taken 
that 3} pounds of good English Coal per horse-power hour 
represents economical working under satura steam 
conditions, this quantity being reduced to 2-1 or 2-2 pounds 
in the case of a well-designed superheated engine. 

Locomotive Power falls to be considered under its own 
three natural divisions, vis. :—Boiler-power, Engine-power 


and Adhesion. 
BOILER POWER. 

This is dependent on the amount and ar of the fuel 
and the efficiencies of the furnace, and of heat absorbing 
surfaces, The amount of fuel that = be dealt with is 
rated in terms of “ Pounds of fuel burned per square foot of 
Grate per hour,” and this rate varies in ordinary working 
from 60 to 200. The latter rate, however, represents very 
uneconomical working. In designing, therefore, every 
effort should be made to ensure the engine meeting its peak 
steam demand at a very much lower rate of firing, say 130, 
than that indicated by the higher limit previously mentioned. 
The efficiency of the furnace falls as this rate rises, it varies 
with the volume of the fire-box and with such further special 
arrangements as may be made for facilitating complete 
combustion as for example a ''Brick-arch" or in cases of 
"clinkering" coal а Rocking grate. The amount of heat 
dealt with is rated in terms of the evaporation secured, 
viz.: "Pounds of water" evaporated ie square foot of total 
“Heating-surface per hour." This efficiency is limited only 
by the terms of the surface-exposure and the relative tempera- 
tures of the boiler-water, and that of the gas leaving the 


flues, 
COMBUSTION AND EVAPORATION. 
The quantity of heat required to raise one pound of water 
one Faser Fahrenheit higher in т is termed а 
“ British Thermal Unit” (B. T. U.). 
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The quantity of heat required to evaporate one pound of 
ETE. Fahr. from one pound of омеа at 32° Еай 15 


The quantities of heat required to evaporate one pound of 
steam at any given temperature in degrees Fahr.; от at the 
Corresponding pressure in pounds per square inch, from water 
а Fahr., are given in the “ Table of the Properties of 

ат." 


For the complete combustion of one pound of good coal, 
аз ascertained by a calorimeter test, 14,500 B.Th.U. is 
usually taken as a representative value. The best qualities, 
as may be seen from the tables given below, may develop 
over 15,000 B.Th.U., and poor qualities may not be value 
tor 10,000 B.Th.U. 


For the determination of the heat-value of fuel, two 
methods are in use, viz.:— The bomb-Calorimeter and 
analytical examination. The latter may be “ ultimate,” 
i.e. a determinate of the elements, carbon, hydrogen, sul- 
phur, etc., or proximate,” i.e., a determinate, for com- 
mercial of the quantities of fixed carbon, volatile 
combustible matter, ash and moisture. 


For a given sample of fuel, the calorific value can only be 
definitely ascertained by a bomb-calorimeter test. For 
Sore ion and comparison analytical statements are 
valuable. 


The heat value may also be approximately calculated 
from the ultimate anal by the following formula (Dulong's 
as modified by Gray & Ro ). 


С. Н. О. and S. denote the respective percentages of 
Carbon, Hydrogen, Oxygen and Sulphur, as per analysis. 


Quantity per Ib. іп B.Th.U.— 


( _ O+N-1 ! 
wo 1 1465С +62100 (Н. = ) + 40008-7 


Table VI. exemplifies the results from this formula as 
applied to a few characteristic samples of Scotch coals (Gray 
= Ко Journ. Soc. Chem. Indus. 1904) in which the 

varies from 62:55 to 85°7%. The calculated 
tet show that variation i aD tests is greatest in 
t е oxygen contents. e “ proximate 3 rd 
as ala from the analysis by Messrs. Coste & Andrews 
are also given, 
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TABLE VI. 
Carbon 69-50 | 73-77 77-00| 85-7 
Hydrogen 4.42 4-55) 4.51 2-97 
Sulphur 255 0-67} 0-41| 0-78) 0-62 
Water 9.28 7.99 231| 3-15 
Ash 1 5-97| 176| 7.17 3-59 
Oxygen апа | 
Nitrogen .. 10-16) 11-52| 823| 3-97 
100-00 100-00 |100-00 |100-00 | 100-00 100-00 
..| 61-74| 61-06| 59-12| 56-93| 7761 92-03 
Finca Carbon | 49-96 50-92 53-15 55-17 67-44| 88-44 
PROXIMATE COMPOSITIONS. 
Moisture 9-28! 7.99 2.31 3-15 
Volatile mat- 
far See 31-60 | 35-08 2308! 4-82 
Fixed Carbon 53-15 | 55-17 67-44) 88-44 
RENTE 5-97| 1-76 7.17 3-59 
en 100- 00 100. 00 100- 00 
Bomb tes 
B. T.. U. ..| 10940 | 11590 | 12404 13086 13516 | 14232 
Calculation 
B. Th U. ..| 10813 11437 | 12247 12838 | 13554 14097 


For some other fuels in === use Tables VIL and VIII. 


give representative ues. 
TABLE VII. 
FUELS—Average Thermal Values per pound (Lewes). 
cals. B. Th. U. Cals. B. Th. U. 
Coal | Wood— 
Newcastle | 8446| 15203 | Elm 4728 8570 
Welsh 8402 | 15123 Азһ 4711 8480 
Lancs. 8113 | 14602 Оак 4620 8316 
Derbys. 8120 | 14616 | Petroleum 
Anthraci 8677 | 15619 Fuel — 
Coke— | American | 10904 | 19627 
Oven 8020| 14436 Russian 10800 | 19440 
Peat— | Texas 10700 | 19242 
30% wat.| 3000| 5400 | Caucasus | 10340 | 18611 
1095 wat.| 5000| 9000 | ео 10461 | 18831 
Wood— | Burma 10480 | 18864 
Pine 5085| 9153 || Ре 
Fir 35| 9063 | (-684) 11624 | 20923 
Beech 4774) 8591 | Ой | 10120 | 18217 
Birch 4771 | 
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TABLE VIII, ` 
LIQUID FUELS (“ Holden”), Instn. С.Е. 1910-11. 


| Water evap. f. 


| & a 212 
| | Spec. B.Th.U. 
Grav. pt. |G.E.R.| Theore- ж 
| prac. | tical. 
Ibs. | Ibs. 

Creosote 1-075 |180*F.| 12-5 | 17-4 | 16810 
Coal-gas Tar | 1-220 1509Е. 11-6 | 156 | 15070 
Russian Astaki | 0-900 |200°F.| 14-0 | 21-0 | 20290 
Texas Oil 0-935 |150*F.| 13-5 | 20-3 | 19610 
Borneo Oil 0-960 |170*F.| 13-5 | 20-3 19610 
Green Oil 1-115 |220*F.| 12-7 | 17-3 | 16710 


Ой Gas Tar 1-070 |120*F.| 128 17-8 | 17200 


* The Be: is calculated as— Evaporation (Theoretical) 
x 


. 


The calorimeter test gives the “ Higher Calorific Value,“ 
and represents the total heat produced by combustion until 
the products are cooled to a temperature of 64° Fahr. 


Тһе“ Lower Calorific Value represents the heat produced 
until the products are cooled to a temperature of 212° Fahr. 


In the combustion of fuel in a boiler furnace it is not 
possible to lower the temperature of the furnace w 
that of the water in the boiler. The net Heat Value in such 
case is termed the “Available Calorifie Value.” 


Further, in the Calorimeter test the combustion agent is 
pum oxygen, and in the boiler furnace Air, a mixture of 

xygen and Nitrogen, is used. The nitrogen takes no part 
in the combustion; it passes through the furnace and car- 
ries away a considerable amount of t. 


The following example of these values for Nixon's Naviga- 
tion Coal is derived from . Dalby's * Steam Power” 
and for the “ Available Calorific Value” the temperature of 
the water in the boiler is taken at 356* Fahr. 


Higher Calorific Value. 15,300 B. Th. U. 
Lower 14,940 


” ” => ” 


Available „ % .. 14,020 = 

For an assumption of 14,500 B.Th.U., it will thus be 
evident that an approximate value of only 13,300 B.Th.U., 
can be taken as the “ Available Calorific Value under or- 
dinary boiler conditions.” 


52 


Under ordinary boiler conditions the Available Calorific 
Value" is, however, not usually realised. The formation 
of “ Black Smoke" and Carbon Monoxide” lowers the 
efficiency. Under the extraordinary conditions of Loco- 
ae знана the demand ча the boiler is а چ‎ рзьттато 
vi ng quantity, кайнай tween zero ani utmost 

city. Professor езера Trans.: Engineers and 
Shipbuilders, Scotland, Vol. ۰) from investigations of 
the r and other tests, МЕРА that the loss due to 
unburned or partly burned fuel being drawn through the 
flues varied with the rate of firing, thus :— 


If F=The rate of firing in pounds per square foot of 
grate per hour. 

and H= Heat ca E one pound of fuel in B. Th. U. 
then 50Е — Loss іп В. . per pound of fuel. and F х 
(H—50F) Total heat 3 per square foot of grate 
per hour. 


TABLE IX. 
(Available Heat Value of one Ib. Fuel, 13,300 cle 


F | s 
H—50F 11800 710300 | EN 
H—50F 
2 0 
T 12 10-6 


The Heat developed in the Furnace is communicated to 
the heating surfaces of the boiler, In the Firebox the 
Radiant heat from the incandescent fuel acts on the walls 
of the firebox, i.e., the Firebox heating surface." In the 
firebox, heat is also conducted through the walls, but the 
amount is negligibly small, and probably also through the 
flame particles of carbon. Convected heat from the hot 
gases acts on the walls of the flues. 


Evaporation from Firebox Surfaces. For the estimation of 
Radiant heat, Stefan & Boltzman’s formula is generally 
accepted, but for its use the temperature of the furnace 
must be known. 


The temperature of the furnace may be estimated from an 
m of the products of combustion or from an analysis 

of the fuel. The former is the more reliable method, if the 
whole of the constituents of the products are known, In 
the ther method the quantity of air used with the fuel has 
usually to be assumed, is capable of variation be- 
tween very wide limits. From the heat capacity of the fuel 
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апа of the products of combustion ( weights and mean 
Specific heat of the constituents of the x — the Tem- 
кое of the furnace can be ascertained. The method is 
to that employed below, in which, however, the 
# “products * are estimated from the fuel constituents, 


Let ©, Н, S and О indicate 88 the propottions ot 
а Hyd ‚ Sulphur gen in one pound of 
the fuel, then t weight of air Ax ансау. necessary 
for its ice s combustion be:— 

Же 3C+8H +S 

= 0-231 

— — minimum weight of the products of combustion (P) 

P=A+0+C+H+S 


If, for example, the Kap жтт of the elements їп one 
pound of fuel are -86 Ib. С; -04 Ib. Н; -01 Ib. S and -02 Ib, 
O, then Weight of air required 


(22/3 x-86) + (8-04) 4-01 
0-231 =11:25, 

and the weight of the products of combustion (P) will be :— 
P=11-25 +-02+-86 4-704 4-701 —12-18, 


A= 


An excess of air is usually admitted to the furnace, and 
may amount to double the amount theoretically required. 
In the Louisiana tests the products weighed from 20 Ibs. with 
a rate of firing of 30 lbs. per sq. ft. of grate per hour, to 15 
lbs. with a rate of 140. 


To ascertain the temperature in degrees Fahr., of the furnace 
let H=Total heat value of one pound of the fuel, 
P=Weight of products of combustion per Ib. of 
S=Mean осо heat of the products (this may be 
taken at 0:24). 
then T=H and PS. 


1 anda t of ucts 
of 12-18, the theoretical temperature m — — prod 
14500 x 
T—1218x0:2475000* Fahr. 


If double the quantity of air be admitted to the furnace 
the weight of е АЧ would be 12-18 + 11:25 23˙43 


14500 5 
then T=93.43 x0-24 = 2600 Fahr. 
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In the Louisiana tests a maximum temperature (Eng. 3900) 
of the furnace, аз ascertained by а pyrometer, was 2339° 
Fahr., with a rate of firing of 134- As Ibs. per sq. ft. per hour 
and a maximum of 1856* Fahr. with a rate of firing of 25-79 
Ibs. per sq. ft. per hour, and (engine 585) a maximum tem- 
perature of 1739? with a rate of firing of 49-44 Ibs. and a 
minimum of 1059* with 35-81. 


RADIANT HEAT (Stefan & Boltzman). 


Let T=Absolute Temperature in degrees Fahr. of the furnace. 
Т—461 = Temperature of the firebox. 
R=Radiant bent а B. Th. U. рег sq. ft. per hour, 


then R=1600 Gam) ^ B.Th.U. 
(For examples see Table X.) 


Professor Nicholson (Transactions Eng. & Ship, Scotland, 
Vol. L.I.V.), assumes that the Radiant heat acts only trom 
the area of the Fire surface. If the Firebox Heating surface 
is assumed to be five times the area of the fire surface, then 
the rate of action per square foot on this heating surface 
will be 1/5th of the rate given off by the Fire surface. Prof, 
Dalby holds that as “ firebox is filled with flame, and 
the surface of the flame is composed of a continuous surface 
of incandescent carbon," the volume of the firebox is filled 
with the radiating body, and the whole firebox surface 
should therefore be taken. For the heat values given in 
table, the equivalent evaporations f and a 212*F are:— 


TABLE X. 


Firebox Temp. | 2000° | 2205* | 2610° | 2665* | 2600* 
Absolute Temp. 2461* | 2666“ 3071* | 3126* | 3061° 
Radiation 


e 58890 81000 142500 152800 12000 
Evap. A 12 21 36 39 31 


Evap. B 60 84 146 158 124 


The theoretical evaporations A and В are f and a 212*F. 
A is calculated on 1 Prof. Nicholson's assumption, and for a 
ratio of firebox heating 1 1. Bis calculated 
on Sages yer — of entire surface action. 

Dee test," quoted by the American 
сое een in their Bulletin No. 2017, the eva- 
ре {тош а pany ia surface of 246-2 sq. ft., was found 

be 13,500 Ibs. or 54-8 Ibs. sq. ft., and the Company 

—— Sonata y adopted 55 Ibs, as the value for estimate 

gr This corresponds with a temperature of about 

°F (as deduced from the above formula), and “ entire 

surface action,” so that Prof. Dalby’s contention may be 
considered as proven by experimental work. 
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Evaporation from Tube Surface. According to М. L. Ser, 
the dist ished French physicist, the transfer of heat 
througb е boiler-tube surfaces could be estimated as 
follows, viz.:—Assuming a firebox temperature of about 
2000° Fahr. and a desirable smokebox tem ture of 500°, 
a heat transmission from the tubes of 4 B.Th U. per 
pound of fuel (equivalent to a theoretical evaporation of 
4-7 Ibs. f and a, 212°), would be attained with a rate of 
firing of 40 Ib. m . ft. of grate, and a ratio of heatin, 
27 grate of 60/1, or with a rate of 80 Ib. and a ratio о 

1. 


The Pennsylvania Railroad Co. (U.S.A.) have, from an 
extensive ies of observations, made a valuable contri- 
bution to the subject by preparing a“ Temperature Chart.“ 
based on these observations. Some particulars are given 
in the diagram herewith. In extent it shows for a ft. 
tube surrounded (as in boiler conditions), by water at a 

о 


of 100 to 115 lbs, per square foot of grate. This temperature 
line is marked A. A corresponding line marked B is here 
added, showing from the same base the loss of tem ture 
due to the heat transferred to the boiler water. us for 
бал pestire at 18 ft. of 600°, the loss is (1800—600) 


This chart has been a ted by the American Locomotive 
Co. (see their Bulletin No. 2017) and at the point just named, 
they have rated the transfer of heat (1200°) from the pro- 
ducts of combustion as equivalent to an evaporation of 10 
Ibs. of steam with a tube 2} in. outside diameter. From 
this as a base, they have further made a complete series of 
ratings for tubes from 10 to 25 ft. long, for 2 in., 2} in. and 
5} in. outside diameters, and with from 9/16th to 1 in. 
water space between tubes. A few of these ratings are 
given in table. 


TABLE XI. 
I. Evaporation from 2 in. tubes with 1 in. water space. 


| Length of 
re мыла 77 lis 18 
| 


"| [om | 


Evap. Ў | | 
Р id. | 1208 11-18 | 10-36 | 9.6 | 895| 8-32 
| 


84-35 | 87-03 


63-25 70-24| er 50991 


BOILER-TUBE TEMPERATURE CHART. 
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II. Evaporation from 2 in. tubes with 1 in. water ‚таркан from 3 In aes WILB Hnc water space) _ 


Length F Ee, Каш, REN EZE OE 


se tube. оп. 20 | 


14 
Етар per sq per sq. 
ft, | ft e 12 12-13| 11-24) 10-44| 9-72 205| 
"Eva. per tube 68469) 76-21 82-38| 87-46| 91-61 T 


ПІ. Evaporation from 2} in. tubes with š in. water space. 


AE 


. 


Evap. per 
tube 


79-81 88-85 


2| 1082 | 10-22 8-9 


— — - -21 1247-95 - 280-43; ds 31 320-38 
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The ratings for 2 in., 2} in. and 5$ in. tubes, as expressed 
in evaporation per tube, have been plotted alongside the B. 
curve in the chart, and it will be noted that they follow, 
approximately, to that line, i.e. the heat transmitted is 
proportional to the loss of temperature. 


Boiler Efficiency. Professor Dalby: (“ Steam Power”) 
in an analysis of the performance of Locomotive No. 2512 
in the Louisiana Exhibition, has drawn up the followin, 
balance sheet.” The coal burned per square foot o 

ate per hour was 91 lbs. The grate area was 33-39 sq. ft. 

he firebox heating surface 177 sq. ft. The tube heating 
surface was 1469 sq. ft., and was composed of 139 “ Serve’ 
tubes, 176 inches long and 2} in. outside diameter. Total 
coal fired 9116 Ibs. ; cinders іп smokebox 2135 lbs.; sparks 
from chimney 345 Ibs. Temperature in smokebox 590° 
Fahr. Evaporation from and at 212° Fahr. 7-9 Ibs. 


Heat Developed. B.Th.U. 
Calorific value per Ib. of dry coal ........ 14868 
Heat unproduced because of imperfect 
combustion ..... 2322 --... 4788 
Heat unproduced in cinders .......... 2952- 
Heat unproduced in sparks thrown from - 
the chimney ............ ........ 435-6 3866-4 


Heat Transmitted. 


Heat transferred to motive power 
circuit => э» .. 7677 B.Th.U. = 517% 
Heat carried away by chimney 


gases .. 52 .. 14466 » = 97% 
Heat absorbed in — eva- E 
porating and  superheating 
waterin furnacegas .. .. 649-6 „ = 43% 
Heat lost in radiation, ashes, etc... 1238-4 » = S3% 


11001-6 „ =740% 


The heat transferred to the water in the boiler is 51-7% 
of the total heat in the coal, and this is the efficiency of the 
boiler as a whole. The heat actually produced in the fur- 
nace is 74% of the total heat in the coal, reckoned in terms 
of the gross calorific value. 


Grate Area. 


The rate of heat transmission or evaporative power is 
stated above in respect of (1) the firebox surface, in terms 
of “рег square foot of firebox heating surface” (55 lbs.), 
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and of (2) the tube surfaces in terms of ** per square foot of 
tube heating surface" (as per Table XI.) for a rate of firing 
of 100 1Ьз. per square foot grate area. 


Reckoning on an efficiency of evaporation of 8 lbs. water 
pa pound of fuel, the evaporation would be 8x 100=800 
bs. per hour per square foot of grate. 


If the maximum demand for steam by the engine, in 
pounds, has been estimated, then the required grate-area. 
can be determined. Thus, for a demand for 20,000 lbs. of 
steam the grate area would be 20,000/800 =25 sq. її. 


Average conditions of running would lower the demand 
from the engine and thus permit a more economic rate of 


g. 
4 Example, 
Estimated Evaporative powers of similar boilers fitted 


Tespectively for saturated steam and superheated steam 
Production. 


1 Saturated Steam. Working pressure 180 Ibs. рег sq. in. 
Tubes 2 їп. dia., 15-6 long, Grate area 24-5 sq. ft. 
Tube surface 1721 sq. ft. at 9°75 Ibs. = 16780 
Firebox „ 1375; 550 „= 7150 


1851 „ Total = 23990 


Evap. per sq. ft. of Total surface =12-9 

Е рег sq. ft. of Grate area = 100 

Total Fuel 100 x 24-5 =2450 

Evap. per Ib. fuel 23930 =9 
2450 


2  Superheated Steam. Working pressure 160 lbs. per sq. 
in. Grate Area 24-5 sq. ft. 
Ordinary tubes, surface 980 at 9-75 lbs. =9551 


Tubes, 5 450 at 11-9 №5. =5355 14906 

Firebox Surface 130at55 lbs. = 7150 
1560 22056 
Evap. рег sq. ft. of total surface =13-3 Из. 
Fuel sq. ft. of grate area = 100 
Total fuel 100 x 245 22450 
21056 

Evap. per Ib. fue! —— =8-6 


2450 


бо 


Consumption of Steam. 


The consumption of steam in the е is governed by the 
number of cylinders, the volume of each cylinder, the amount 
of clearance space between the piston at the end of its stroke 
and the valve face, the ratio of “ cut off” to the stroke, the 
amount of steam in the clearance space at compression and 
by the condensation of steam in the cylinder. 


Let V=the volume of the cylinder in cubic feet (exclusive 
of clearance space). 


c=the volume of the clearance space expressed as a 
decimal fraction of V. 


r' the “ cut о” as a decimal fraction of the stroke. 

r* =the beginning of compression fraction of the stroke. 

S’=the specific volume of the steam per Ib. correspond- 
ing to the “ cut off " pressure per sq. in. 

S/ =the specific volume at compression," or beginning 
of comp: 

N=Number of piston strokes per revolution. 

R=Revolutions per min. or 60 R = Revs. per hour. 


И the pressure of the steam in the clearance space at 
compression“ is the same as at the point of Cut off, then 


у Р 
= x N= Lbs. steam per revolution, 


r 
— XN x60R=Lbs. steam per hour. 


It the pressure of the steam in the clearance space when 
fully compressed is known, then, 


(7060—55) xN=Lbs. steam per rev. 
V(r +c) Vc) xNx60R=Ibs. steam 
i s vi pec bowen: 


If the pressure of the steam at the beginning of compression, 
Ax the fraction of the stroke at which it occurs, is known, 
then. 

Vir +c)  V(r*4c 
33 x N=Lbs, steam per rev. 


Vir’ +c) Vir" +c) `x N x60R=Lbs.steam 
Банка ла эы per hour. 
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Examples. 
Evaporation and Consumption of Steam. 
I. Saturated Steam, 
Heating Surface—Tubes 1721 
Heating Surface F'box 130 1851 sq. ft. 


„FFF ee 245 
Boiler pressure Ibs. per sq. in. 180 
Total evap. per hour (as per previous example) 23930 Ibs, 
Cylinders 20in.x26in. Volume 4-72. 
Cut ой” at -5 and at a pressure of 90 Ibs. per sq. in. 

Spec. Vol. 4-23. 

Compression pressure equal to “ cut ой” pressure, 
Revs. per min. 160. 


V xr 
Steam per rev. a xN. 


4:92 x -5 
T. t — s × 4=2-23 


per hour 2-23х 160 х60--21208 И». 


II. Superheated Steam. 
Heating surface, ordinary tubes 980 
Large tubes 450 
Firebox 130 1560 sq. ft. 


Grate 24-5 

Boiler pressure Ibs, per sq. in.. 160 
Total evap. per hour (as per previous example) 21056 Ibs. 
Cylinders 21 in. x 26 in. Volume 5-21. 
Cut off at -5 and at a pressure of 80 Ibs, per sq. in., 

Spec. Vol. 6-09, 
Compression pressure equal to “ cut ой” pressure, 
Revs, per min. 160, 


, 


r ух 
Steam per rev. I xN, 


5-21х-5 
А — —609 x4=1-768. 


Steam per hour 1-768 x 16060 = 16873 Ibs, 
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ПТ. The particulars are taken from the Purdue University, 
U.S.A. tests of a locomotive. 


Cylinders 17 in. x 24 in.; linder Volume (less piston 
rod). 3-1318 cub. ft., Cylinder clearance space 0-1 
of cylinder volume. 

Strokes per revolution, 4. Revs. per min. 189-55. 

“Cut off" at -3188. “Cut ой” pressure 89-98 15$. 
per sq. in. Spec. vol. 4-23. 

Compression at 2869. Compression pressure 
from 11-78 ibs. рег sq. in. Spec. Vol. 15-72. 


The steam per rev. = А eS} xN= 


{ 3.1318 (-3188 + -1) _ 3-1318 (28-69 + -1) 
4-23 15-72 
(:3100—-07708)4— -9568 lb. 
The Steam per hour -9568 x60R=-9568 x 189-55 x60 = 
10780 Ibs. 


} x= 


Actual Steam consumed per hour (оп a two-hour test) 12981 


IV. The particulars are taken from the tests of the 2-8-0 
type locomotive for the Pennsylvania Rly, at the Louisi- 
ana Exhibition. 

Cylinders 22in. х 28 in., Cylinder Volume (less piston 
rod)=6 cub. ft. 

Cylinders clearance space 0-11 of cylindér volume. 

Strokes per revolution 4. Revs. per minute 160-9. 

Cut off" at -33. Cut off pressure 99 Ibs. per sq. in. 
Spec. Vol. 3-912. 

Compression 34. Compression 11 Ibs. А 
іп. Spec. Vol. 15:72. Sr 


{V(r +c) _ V( +e) 
a 


Total steam per rev.= 4 —g— 1 xN 
VES j 
= | CSS F211) 6684-11) 
Totalsteam рег rev, { 3-912 15:72 x4 


Total steam per rev.=(-675—-171) 4=2-016 lbs. 


Total steam per hour=2-016 x60R=2-016 х 160-9 x 60 = 
19462 Ibs. 


Actual water consumpt. per hour (as delivered to Injector)— 
26007 Ibs. 
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TABLE ХП. 
VOLUME IN Ни ONE CYLINDER AS SWEPT 


PISTON. 

Stroke 20 22 24 | 26 28 30 
—K Ne —— 1 

Dia. | | 

14 178 | 1-96 | 213 | 231 | 249 | 2-6: 
15 2-04 | 2-24 | 245 | 265 | 286 | 3-06 
16 | 2:32 | 255 | 278 | 302 | 3-25 | 3-48 
16$ | 2-47 | 2.72 | 2-97 | 3-22 | 3-46 | 3-71 
17 2-64 | 2-90 | 3-17 | 3-43 | 3-70 | 3-96 
17% 2.78 | 306 | 334 | 362 | 390 | 447 
18 2-94 | 3:23 | 3-53 | 382 | 412 | 4-41 
18} 3-03 | 3-34 | 3-64 | 394 | 4-25 | 4-55 


18} 3-11 | 342 | 3:73 | 404 | 435 | 4-66 
18} 3-20 | 3-52 | 384 | 416 | 448 | 48 

19 3-28 | 3-61 | 3-94 | 426 | 459 | 492 
19} 3-45 | 380 | 414 | 448 | 483 | 5-17 
20 3-64 | 400 | 4-37 | 4-73 | 5-10 | 5-46 
21 4-00 | 4-40 | 4-80 | 5-20 | 5-60 | 6-00 
22 440 | 4-84 | 5-28 | 5-72 | 6-16 | 6-60 
23 480 | 5-28 | 576 | 6:24 | 6-64 | 7-20 
24 5-22 | 5-74 | 6:26 | 6-79 | 7-31 | 7-83 
25 5-68 | 6-25 | 6-82 | 7-38 | 795 | 8-52 
26 6-14 | 675 | 7:37 | 7-98 | 8-60 | 9-21 
27 6-62 | 728 794! 8-61 | 9-27 | 9.93 
28 7-12 | 7-83 | 8-54 | 9-26 | 9-97 | 10-68 
29 764 | 840 | 9-16 | 992 | 10-69 | 11-45 
30 8-18 | 9-00 | 9-81 | 10-63 | 11-44 | 12-26 
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HEATING SURFACE AND GRATE AREA, 


To ensure that the calculations for the Heating Surfaces '' 
and “Grate Areas" are made on the same bases for all 
boilers, the method stated below, in conformity with that 
adopted by the “ Locomotive Railway Engineers Assocıa- 
tion" should be observed as Standard Practice. 


1 Firebox, The area of the outside, í. the Water 
contact,” surface of the inner firebox plates is to be 
taken. This excludes the surfaces covered by the 
Foundation Ring and the Firehole Ring and the area 
of the tube holes. И the firehole is of the flanged plate 
type, the area within the junction of the plates is to be 
excluded. No deductions are to be made for side, roof 
or tubeplate stays. 


If water tubes are fitted in the Firebox, the inside, i.e., 
the Water contact," surface of the tube is to be taken 
and the area of the tube holes (for these tubes) Firebox 
plates is to be deducted. 


2 Tubes. The area of the outside, i.e., Water contact“ 
surface of the Tubes is to be taken, and is to be cal- 
culated on uniform diameters for both ordinary and 
large flue-tubes. The length of the tubes between the 
tube-plates is to be taken. Р 


3 Elements, The Area of the inside, s.e., the Steam on- 
tact " surface of the tubes is to be en; the effective 
length of the element being from and tothesmokebox-end 
of the large flue-tube, 


4  Smokebox Tube Plate, The area ot this plate is not to 
be included. 


5 Grate Ares. The Area of the Grate as measured between 
the firebox sides at the level of the face of the fire- 
bars, is to be taken. No deduction is to be made tor 
the round corners or plate-flange at the foundation-ring. 


The following figures derived from the data оі carefully 
conducted tests are of considerable importance, etc. 


Purdue University Experimental Boller. (W. F. M. Goss.) 
Coal in pounds consumed per square foot of Grate per hour 
relative to Water evaporated per pound of Coal. 
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Dimensions of Boiler. Grate area 17°25 sq. ft. Heating 
Surface in Fire-box 1321; in Tubes (internal) 1071°8; in 
Front-head 10°5; Total 1214°4 sq. ft., 200 Tubes 11 ft. 5 in. 
long and 1°78 inside diameter. 


Ratio of Heating-surface to Grate area = 704. 


The mean values of 35 tests are represented by the formula 
А 10 
Evaporation per pound of coal = 14004216. 
where “С” is pounds of сба1 per sq. ft. of grate. The table 
Eives a few of these values. The coal used was “ Indiana 
Brazil Block," having a thermal value of about 13000 B.T.U. 
рег pound of dry coal. The evaporations given are the 
Equivalent evaporations from and at 212° Fahr." 


TABLE XIII, 


| Water evap. in Ibs, per Ib. coal | s| e| z| s| 9 


Coal in Ibs. burned per sq. ft. } 


A 69 


30 


240 160| 100) 


These values may be increased by the use of a better coal 
by about 15 per cent. 


St. Louis Exhibition Locomotive Tests. 


From the report on these tests Mr. L. H. Fry has, relative 
to the boilers, deduced some important figures ( Combustion 
and Heat absorption in Locomotive Boilers,” ing 
Vol, LXXXVII). a few of which are given in Tables. 


1. As to the amount of Heat-absorbing surface that 
should be allowed per square foot of Grate-area, $.е.: Ratio 
of Heating-surface to Grate-area the figures are 


TABLE XIV. 
Ratio of Heating-surtace | 
to Grate "С | 50 60 | 70 | Infinite 
en ¿= — . 
Percen of Heat taken | 
out of Gs 704! 739! 750 | 82°6 


2. Аз to the efficiencies of the Heating-surfaces in each 
of four boilers, the particulars of which are given, the rate of 
g being 90 pounds per square foot of Grate. In the first 
two examples given the fire-box is fitted with a brick arch; 
in the other two it is not so fitted. 


D 


бо 


TABLE ХУ. 
Grate| Heat | Ratio | Tubes Per Cent. Efficiencies. | 
| = Sur. HS/G [etm Dia. Нем Heat | 
2 _| 3 | Production. Absorption. 
| | <= | 
| 33°76 | 2541 | 2527 | 14° ок g. | 68-2 78:8 | 
499 | 3000 | бот | 15’ 113” 2” | 72°5 794 
49°21 | 2482 | 50°44 | 13° 84° 27 63°5 767 | 
48-36 | 8202 бол |1887 21, 661 | 797 
M 


з. Аз to the percentage of the total heat еба which 
is taken up by the firebox. “he figures given are for four 
types of boilers and for different rates of firing. 


TABLE XVI. 
А Percentage | 
Rate of firing | Ratio ої. | Evaporation 
Lbs. Coal per | Firebox Sur-| рег sq. ft. of | — 
sq. ft. of — to grate. | total H.S. | by Firebox. 
шаа Es — H 
9o 2:33 1273 | 43 
140 546 | 12˙1 | 30 
120 3°99 | 138 | 39 
130 23 559 | 34 


Northern Railway of France, Boiler Test. (мм. “Petiet 
and Havrez, 1874). To determine the eva: tive value 
Boiler: diferent portions of the heating surface of a locomotive 


ent was carried out on a boiler having 792°43 
sq. е of ting surface, of which 60°28 was firebox surface. 
The tubes were 12 ft. 3 in. long, and for the purposes of the 
test were compartmented in five divisions of 3°02 ft. of 
179 Sq. ft. each. The з in. next the firebox was included in 
the firebox surface. Fuel used: Briquettes. 


TABLE XVII. 


Fire- ıst — m 
Surface. = section. | mmm Total. 


Water evap. in Ibs. | | 

5 11°44 5'72 3°52 2˙31 89 
„ section do. 2820 2047 1024 630 414 6935 

Per cent. of total 

evap. per sectiou | 40 | зо 15 9 6 тоо 


Furness Rallway. W. Е. Pettigrew (Iron and Steel 
де Бе 1903). Tests as to the comparative value 
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Boiler used :—Grate 205 sq. ft.; Heating-surface Tubes 
1029; Firebox ros ; Total 1134 sq. it. Tubes, 1] in. diameter 
and то ft. оў in. long. Boiler Pressure 150 Ibs. 

Ordinary working conditions of 6 wheels coupled Goods 
Locomotive. 


TABLE ХУШ. 


i | l 
Coal, class |Vorks.|Welsh | Lancas. |Cumber. | Scotch. | 
Do. samples ..| 5 1 2 2 5 | 
Do. thermal | 
value (mean) | 
.T.U....... 13660 | 14206 12919 | 13102 12563 
ais rate of | | | 


of grate ....| 522! sor | 52 | 525 572 


іп pounds | 
sq.ft. of heat- 

ing surface | 
(from and at | 


el ee | 9°23 S22 | 8:68 8:34 
. per nd | 
٤ وی د‎ 


s... 2098| 6 | 10725 | 104 9°76 


М.Т. Mech. E., 1898). Tests as to the average eva; tive 
values from five types of boilers under similar conditions of 
Engine service. 


TABLE XIX. 
A e 


Grate area.. sq. tt. 150 | 2077 207 196 туо! 
Heating Sedes ) 


122070 102672. 
I21'0 1100 
134Г0 11362 


abes „ | 9997 10160 1089'0) 
Do, Firebox „ 104'0) I23'0 1270 
Do. Total — 101371113070 1216°0 


Tubes, number of ..| 206 | 203 zor | 225 205 | 
Б outs .. 1 1 1 1} 
Boiler barrel, length | to’ 3*| то’7” 1167 11767 то’ 7” 

ше ....| 140 175 175 175 160 


fuel in Ibs. water | 
evap., f & п 212°..| 15°32! 15°02 


i >1504 I$'II 
Mean rate of firing | 
Coal in Ibs. 


ft. of grate ...... 1364 1006 | 90°79) 99°96 110"95 
Water used | 
pound of coal f & R | 
2129 ............| 201 9'73| 10°28) 9°42) 9°71 
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The F 

wer of a its steam produ ca ty ог 
” 5 rated in pounds per hour,” a са сады which 
varies with the quality of the fuel, the rate of firing and the 
efficiency of the heat absorbing surfaces. The measurement 
of this power, however, is most conveniently stated in the 
same terms as that of the engine, viz.: * Horse Power.” 


Accepting for average working conditions of a simple 
engine, a consumption of 28 Ibs. steam per horse-power per 
hour, and for the boiler an evaporation of 12 Ibs. per square 
foot of heating-surface per hour, as good representative 
values, and as proposed by Prof. Goss from the data of the 
Purdue University tests, we have :— 


Evaporation per sq. ft. of heating-surface, per hour = 12 Ib», 
Consumpt. per Indicated horse-power, per hour ..—28 ,, 


r Н.Р. per sq. ft. heating-surface = ="43 


2 
Heating-surface, регі Н.Р. ....=—>= 2} 


Assuming a ratlo of Heating-surface to grate of бо to т then: 
Evap. per sq.ft of Grate per hour = ox 60 = 720 Ibs. 
1 H.P. Do. do 79 99 „ —257 
Assi a Rate of Firing, say оо Ibs. per sq. ft. grate per 
hour then :— 


Evaporation per Ib. Giai. erre o md lbs, * 


Lbs. coal per IH ...... . а 3°5 lbs. 
In German practice (Von Borries | enbahn Technik 
der Gegenwart 1903) the following values have been given 
for Г.Н.Р. per sq. ft. Heatirg-surface, viz. :— 


TABLE ХХ. 


Revolutions of Driving Axle 
per minute. 
60 | 90 120 150 | 180 210 240 


Passr. & Express Engine | | | | 
Simple | *39 42 | 45 749 | 50 
Do. Do. ` 2 Сун. | | | 
Compound “42 | “48 | 53 "бі “64 
Do. do. 4 до. do. 56 | бо | 64 *69 | *70 
Goods & Tank engines - 


Simple | - 36 38 40 
Do. do. 2 Cylr. | Rai Baud 5. 
Com: 


735 | *39 | °42 | "45 
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Note.—These values are given relative to, in the case of 
Passenger and Express E: es, a ratio of grate to heating- 
surfaces of 1/50 to 1/60; and boiler pressure of 176 lbs. for 
Simple and 2-Cylr. Compound and 206 for 4-Cylr. Compound ; 
and in the case of the Goods and Tank Engines a ratio of 
grate to heating-surface of 1/55 to 1/65, and boiler pressure 
of 147 for Simple and 176 for Compound. Further the values 
сар represent average coal and can be taken 10% higher 
or t . 


Tables XXI. and XXVI. give calculated results by L. Н. 
Егу (“ Engineering” Vol. XCV, 1913) trom the data of 
Prof. Gross extensive experiments as stated in his “ High 
steam pressures in Locomotive service” and “ Superheated 
steam іп Locomotive service.” The plant employed was а 
8 with 16 in. x 24 in. cylinders (clearance space 

60%. 


TABLE XXI. 
Steam per Horse- Power Hour. 


Cut-Of 20% | Cut-Off 40% | Cut-OM 60% 


Sup.|Supt. 
as 

% of 
Sat. 


180 


240 


the 8 nur rea теней to Le 
ous page, on 5 over a distance 5 
miles at an average speed of about 50 miles per hour, the 
value of the mean rate of Horse-power per sq. ft. Heating- 
surface is as under, vis. :— 


7° 


TABLE XXII 
B | с D | в 
Heating-surface | 
square feet .... 1103" 7| 1139 1216 1341 [113672 
Average horse 


power, т. Н.Р. |56035 7202 | 6433 | 645°9 | 6065 
I.H.P. per sq. ft. 


Heating-surface 5% 64 Кесе 747 53 


= the Furness Railway Fuel Tests, Table XVIII, the 
ПЕЕ used had а heating: -surface of 1134 sq. ft.; the mean 
P. ree ss in the cases of the Lancashire and Scotch 
461, giving a rate per sq. ft. Heating-surface of -406 ; 
for 5 ‘Cumberland coal, 475, giving -42; for the Yorkshire, 
467 giving -41; and for the Welsh 497, giving -438. The 
maximum Indicated Horse-powers were 50% in excess of 
the means stated. 


ENGINE POWER. 


The power of an engine is its abilitv to perform a given 
amount Pot Work in a given Time. “ Horse-power” is а 
standard measure of power, vis. :—33,000 foot-pounds of 
work minute. 

wi h special reference to the Locomotive, the term “ Horse- 
power has three applications, vis. :— “ 


Indicated Hors: wer, I.H.P. As in ordinary Steam- 
— — practice - the power developed by the steam in the 
cylinders. 

Rall Horse-power. R.H.P. The power developed at the 
rail, $.е., the I. H. P. Керн the power absorbed by the friction 
of the engine mechani 

Draw-Bar Meroe emet: D.H.P. The power transmitted 
between the engine (or if a tender engine, the engine with 
tender), and the train, £e, the I.H.P. minus the power 
absorbed by the friction of the е mechanism and by 
the haulage resistances of the engine itself (or in tender 
engines of the engine and tender). - 

ndicated Horse-power of the Locomotive is thus defined as 
the work done by steam In the cylinders at a rate of 33,000 
foot pounds per minute, and x be calculated by the use 
of the well-known formulas АХ I. H. P. per Cylinder. 

In Locomotive practice it is more convenient to calculate 
the I. H. P. on the basis of the “ Tractive Force ” formula. 

Tractive Force. Applying the principle of “ Work” to 
ac Locomotive engine :—The work done by the Steam on 


Шы оп {һе Кай udi e зарар contact with the wheel. Ex- 
pressing this equa: in general terms: 
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Let D=Diameter of Cylinder in inches. 

p=Mean Steam ure per square inch of Piston. 

D? x.7854 x p=Total Pressure on Piston in pounds, 

S=Streke of Piston in inches. 

* of strokes (2 суйт. engine) per revolution 
оі е. 

(D? х-7854 xp) x 4 S=Work done on Pistons іп опе 
revolution in inch-pounds. 

W= Diameter of Driving Wheel in inches. 

W x 3 1416zCircumference of do, 

F= Frictional resistance in pounds at circum. of wheel. 

WX 3°1416xF=Work done іп one revolution at 
circum. of wheel іп inch-pounds. 

(D? x 7854 Xp) x 4 S=W x 3,1416 x F. 

or Dans = WE. 


The Tractive Force (friction neglected) being equal to the 
resistance :— 
D° Sp 


Tractive Force in pounds = T = W 
Let v= Velocity of Train in Feet per Minute. 
M= Do. in Ж per Hour, 
К ху Dex Sxp 
Then Indicated Horse-power = 33000 9' = W x 33000 ХУ 


Or for a Speed expressed in М per hour the equivalent 
formula is :— 


тхм „ D'xSxp 
375 W х 375 
Examples showing application of above formulae, 

To the Tractive Force of a Locomotive having cylinders 
18 in. diameter and зо in. stroke, Driving Wheels 6 ft. 8} in. 
diameter, and a Boiler Pressure of 225 ds per square 
inch, the Mean Pressure on the Piston Tatas 60% the 
Boiler Pressure. Ske No 2 
Tracti = D2xSxp 18 x 18x 30 x 225 x- 

ractive Force w = a ree = 

16300 Pounds. 

To find the Indicated Horse-power of above Locomotive 
at a speed of 29 из ре Шы 

Indicated Horse-power 35 = 1639039 _ 1 504 

Mean Pressure. In the use of the Tractive Force formula 
the Mean Pressure “ р” is usually taken at :—For “ Starting’ 
purposes, 75% of the Boiler Pressure, and for “ Working at 
maximum power" бо to 65%. American practice is to take 
85% for “ Starting.” 


The Mean Pressure varies with the boiler pressure, the 
Steam-chest Pressure, the rate of “ Cut-off” and with the 
speed of the engine. 


‘The following tables fully illustrate these variations. 


Indicated Horse-power = 
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TABLE XXIII. 
Mean Pressure, approx. (D. K. Clark's “ Railway 
Machinery.“ 


р= Меап Pressure ш % of maximum pressure of admission. 
a=Period of Admission in % of length of Stroke. 


р=13.5 ү а—28. 


- LI . = 
а 17:5 | 20 as | зо 35 40 45 | 50 | 55 | бо 65 | 70 | 75 | 


p | 28 32 40 46 52 | 57 62 67 72 77 81 85 89. 
| | | 


1 


TABLE XXIV. 


Relation of Initial Pressure to Boiler Pressure (Henderson) 
Full Throttle opening. 


| 


47 | 
| Revols. per minute 
Initial Pressure % 


: — 
Starting 50 100 t50 200 250 300 


87 56 


98 |ss 92 | 90 | 88 


TABLE XXV. 


Mean pressure, in per centage of Boiler Pressure, as affected 
by the Speed. Deduced from results of Purdue University 
Tests. Prof. Goss’ “ Locomotive Performance.” 


Revols. per minute 8r | 135 188 | 242 | 296 
Piston Speed (mean) feet | | 
per minute 324 | 540 | 752 | 968 |1184 | 
" Cut-off " per cent 25 ..| 345! 256 224 | 17°4.| 141 | 
ао. ао. 35 .. 48*5 | 404 | 3173 258 213. 
do. do. 8 50˙7 38˙6 | 


Availabie Mean Pressure.—Only within the range of the 
boiler capacity can the mean pressure values, as determined 
by the foregoing methods, possibly be available in the 
cylinders. The boiler capacity (steam supply) has been 
defined (page 70) in terms of equivalent power units, or 
horse power.” Taking 0-43 and 25-27 respectively as 
constants for the square foot values of the heating surface 
and grate area, for average conditions :— 
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Let HS=Heating surface in square feet. 
G=Grate area in square feet. 


Then НР=о-43 HS, or 25:7 С (the lower value of the two, 
as applicable to a particular boiler, to be taken), 

and this, consequently, will be, for that rating, the maximum 

power that can be developed in the cylinders. Therefore 


DIS 
0*13HS, or 25-7 == уу xpM 
For any given cylinder and wheel dimensions D, S and W 


D's 
let C= 75W 


Then IHP=C x pM, 


апа it is evident that the horse-power of the engine is in 
direct proportion to the product pM (mean pressure and 
speed). 


TABLE ХХУІ. 
Mean Effective Pressure (see note at Table XXI). 


] 
| 


| Cut-Off 60% | 


Super- Satu- Super- Satu- Super. 
heated rated. heated rated = 


Cut-Of 2 % | Cut-Off 40% 


33-2 | 68-6 | 68-9 87-0 
22-2 | 50-0 | 50-2 | 66-7 
11-3 | 31-2 314 | 46-5 
57-9 | 108-0 | 109-0 | 130-0 | 
39-5 | 78-0 | 79-0 | 96-8 
21-2 | 47-5 | 481 64-3 
86-0 | 154-0 | 155-0 (790 


32-4 | 66-4 | 66-7 


59-2 | 110-0 | 111-0 | 132-0 
79-6 
| 


Diagram on page 75 may, incidentally, be taken to illus- 
trate these points, Ifthe ordinates of the curve F represent 
the mean pressures at the given speeds, then the ordinates of 
the curve B as representing the Horse Powers will be propor- 
tional to the product, mean pressure x speed. Thus at 180 
revolutions per minute the mean pressure is "42 and 180 x ‘42 


=75°6. At 240 it is*32 and 240 x*32 is 76°8. The Horse powers 
at these speeds will be, Е. proportional as 75°6: 76°8. 
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The Characteristic diagram on the following page, to 
which reference has just been made, shows, from two authori- 
ties on U.S. practice, the available mean pressure realized 
in U.S. engines at various revs. per minute of the driving 
axle. The full line F shows the pressures as given in Table 
XXVII., and the dotted line С, those arrived at by Мг. С. К. 
Henderson. The IHP curves В and С are plotted from 
these pressures and speeds. 


Two specific examples of the readings of these curves are :— 

Express Loco.: 197 * 267 cylrs.; 914” drivers; 175 Ibs. 
working pressure. 

Mineral Loco.: 194” * 267 cylrs.; 56” drivers; 175 Ibs. 
working pressure. 


The scale on the L.H. side of the diagram gives the mean 
pressure values measured on curve F or G for 175 Ibs. boiler 
pressure, for both engines. Miles per hour scales, for 
each engine, are given below revs. per шїп. Scale Et shows 
for the Express the tractive force at the relative mean 
pressures also measured on curve F or G, and as may be 
5 DPS „ X265 102-58 x p 

9:4 
Scale Eh shows, for the Express engine, the IHP values 
measured on curve В or С at the relative tractive forces 


and speeds as may be calculated from 
DS? 19* x 26 
—.XMp-—— —,XMpz:273 Mp. 
375W "P7 375 xoig P=273 ПР 


Similarly for the Mineral are the scales Mt and Mh based 


on :— 
bes „ist x26 
Tractive force= w *P= 56 


р*5 = (192)* x 26 
375W P= 375x56 


хр=181-: xp. 
x Mp=-483 Mp. 


The Boiler Capacity must be equal to the maximum 
IHP. The latter occurs at 180 revs., corresponding in 
the Express to 49 m.p.h. and in the Mineral to 30 m.p.h. 
The mean pressure value, taking the full line (or Table 
XXVII.), is 175 x 42—73.5 Ibs. 


Express Horse-power Max.: 273 Mp=+273 X 49 X 73°5 =983 
Mineral do. do. +483 Mp=*483 x 30 X 73:57 106 


EA М 
ВЕЕЕЕНЕНЕЕЕЕЕЕЕНЕЕЕЕЕНЕЕЕЕЕЕЯ 983 | 1065 
Kamel - — 


REVS. 1020 40 60 0 
MPH. m 2222-4525 -—— — À --------- ----- ----- HAS 


МАИ —-- -.-..і0-.---- -------- — --.----------------- 
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TABLE XXVII. 


Mean Available Pressures, in per centage of Boiler Pressure. 
From a chart in the possession of the Master Mechanics’ 
Association (America). 


| 


Ел | | | 
Rompa 160. во 100 120 140 160 180 200 220 240.260 280|300 


Available 3076 24| 58| 5x | 46 42 39 | 34 | 32 30 | 29 28 


Driving Wheels. The Diameter of Driving Wheels, їп 
general practice, is as under, i. 


Rail Gauge. Class. Wheel diameter 
5’ 6° to 4’ 83° .. Express ....... „„ УСА 
о. ..  " Heavy " Passenger 6' o* 
do. . Goods 5' о” 
do. Mineral ..... > y 6” 
do. ... Shunting . Фе ө» 3' 6* to 4' 6” 
A Passenger .. 546 58 
do. .......... Mixed Traffic ...... 4 o, 
3’ 3)" .......... Passenger 4' g 
do. .......... Mixed Traffic T 4' o* 


Note.—Taking 224 revolutions per minute as representing 
the desirable rate of rotation for average running; then as 
336 revs. per min. represents the speed of rotation when the 
wheel diameter In inches represents the speed in miles per 
hour, the equation, using symbols as above, becomes :— “ 

M x 336 
"a = iM 

Piston Stroke. 26° Stroke may be said to represent 
general practice for Cylinders 18° Diameter and upwards, 
30” is in use on the Great Western Railway, and 28° to 32” 
is in use on the heaviest of recent freight engines. 24” Stroke 
for 16” and 17" Cylinders; 20” Stroke for 13° to 15” Cylinders: 
and 18” Stroke for ro” to 12” Cylinders, are also representative 
figures, . 

Example as to application of above notes. 

To find the Size of Cylinder necessary for dealing with a 
total Resistance (Engine Tender and Train) of 16,300 pounds, 
the speed being 26°6 miles hour, the Driving Wheels 
being also suitable for a 5 50 miles per hour. Boiler 
Pressure 225 lbs. рет square inch. 

DS p TAWE 
T= w 0: D° = p 
T as given is 16,300 Ibs. 
W as suitable for 60 m.p.h. may be taken at from 78” to 
84” say 804” 
p as determined by Table XXVII for 26-8 m.p.h. or 112 
t. p. m. of an 804” wheel is 60% of the Boiler Pressure, and is 
thus 225 х 60135 Ibs. 
8 may be taken at 26”, 
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Substituting these values :— 
Bo's x 16300 : 
26x135 = 3735 


D =73'8 = 19°3” 
Tractive Force. Three-Cylinder Engines, 


D? = 


Tractive Force. Four-Cylinder Engines. 


2 
т = a 


Tractive Force. Compound Engines. The Tractive Force 
is calculated on the basis of the Mean Pressure being referred 
to the diameter of the Low-Pressure cylinder. For “ Cut- 
offs” of 30 to 40% in the Simple engine, the corresponding 
** Cut-offs ” in the Compound are so to 60%. Von Borries 
gives the following per centages of Boiler Pressure that may 
реак for Mean Pressure for Ratios of Piston area of 
tom 2 to 2%. 


Compound. 
Simple.| Ratio of Piston Area 
2 225 25 29 


Passenger and Express | 
Locomotives ........ 50 44 42 42 38 
Goods and other Locomo- | 
tives ..... Bee бо | so | 48 45 | 40 


ADHESION AND NUMBER OF COUPLED AXLES. 
The coefficient of friction of the w у ce load with the rail, 
as determined by the results of Capt Douglas Galton's Brake 
experiments, in 1878 is :— 


At the point of ä the coef. is 0'242 


At 6'8 miles per hour ........ do. 07088 

At 341 do. do. 5554 

At 5475 do. зе до. 07038 
The American investigator A. —— in his 
Railway Location,“ gives the „ ations :— 


Ultimate coef. with loads over 10,000 Ibs. per wheel 0°35 

peu Аа with sand ...................... 0633 
in summer Max. limit with loads 

under 10,000 lbs. per wheel 0°25 

do. in winter (damp or frosty rail). өчо 
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These determinations confirm the figures in general use in 
British practice, vis. :— 2 


Adhesion per Ton of Load on Driving Wheels (Molesworth). 
When the rails are very dry боо Ibs. .... coef. 0'268 
do. Very wet 550257755557 140; 07245 
In ordinary English weather 450 , .... do. o2 
In misty weather, if the rails 
Ste eM 555 seis з» iL ЗОО сес ао. 0'13 
Infrostyorsnowy weather.. 200 ,, .... do. 0709 


The Adhesion or Adhesive Force must be somewhat in 
excess of the maximum Tractive Force. The latter is 
usually taken as that with a mean steam pressure of 75%, 
of the Boiler Pressure. In American practice, it is that with 
a mean pressure of 85% and with the tyres half-worn. 


The number of Coupled Axles is determined by the Maximum 
Load that may be carried on any one axle, the Maximum 
Load being itself determined by the strength of the per- 
manent way, bridges, etc. 

Let R=Weight of Rails in pounds per yard 

I. Maximum Load in tons per Axle. 
R 


Then L = 


Let N=Number of Coupled Axles. 
Then 3 Load on Coupled Axles, in tons 
5 


and —= Do. Adhesive Force (for coef. of o-) 
3 in tons. 
ا‎ Force in pounds. 
T Do. tons. 


The Adhesive Force must be equal (at least) to the 
Tractive Force 
LxN T 


5 3224 
N= 3 . Number of Coupled Axles. (The 
22401, fractional part of the product, if any, 
must be reckoned as unity). 

Example. For an Engine with a Tractive Force of 20,160 
pounds and suitable for a road laid with rails weighing 90 
pounds yard. To determine the Maximum Load per 
Axle and the Number of Coupled Axles. 


FFF 


1. = = = 18 Tons. 


Number of Coupled Axles for Tractive Force of 20,160 
Ibs. and Maximum Axle Load of 18 Tons. 


. 5x20160 
N= 2240L = 2240 & 1821 To be taken as 3 axles 
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It will be noted in this example that the tractive force i= 
20,160 pounds, or 9 tons, and t the adhesive weight re- 
quired is therefore 9x5=45 tons. With two axles, this 


45 
would give —=22$ tons per axle, which is in excess of the 
2 45 
“maximum load.” With three axles, it gives —=ıs 


3 
tons, per axle, which is well under the “ maximum.” 


TANK ENGINE ADHESION. In the case of tank engines 
in which the weight, oc pact of the "a ot water and coal 
is carricd on the coupled wheels it may be necessary that the 
nett adhesive weight should be taken as that available for the 
most exacting condition of service, 4.е., on the one hand the 
weight on the coupled wheels being that obtaining when the 
tank and bunker are practically empty (“ peacticnlly ^" in 
this connection being when only sufficient provision remains 
for the requirements until the next "supply station” is 
reached), and on the other hand, “starting” a train of 
maximum load on an up grade. 


WHEEL ARRANGEMENTS. 


Consideration, with respect to the wheels, has heretofore 
only been concerned with the number and diameter of the 
coupled wheels. Carrying or “ trailing" wheels, also, are 
required where the total weight of the engine is in excess of 
the sum of the maximum weights per coupled exle and, in 
many cases, where flexibility to be given to the wheel 
base. Before dealing with the various arrangements, re- 
ference must first be made to the systems of notation used 
for describing the relative position of the whecls. 


` WHEEL ARRANGEMENI—NOTATION. In British and 
American practice and as adopted in the previous pages of 
this book, the system of wheel arrangement is denoted by 
the use of the yte system of a group of three figures. 
The central figure of the group denotes the number of wheels 
coupled and the first and third denote Le n as ene number 
of front and hind carrying wheels. In France the system is 
similar, but the notation is for axles. In Germany the old 
system was a fractional figure denoting the proportion of 
coupled axles to the total number of axles; the new system 
is similar to the French, but the number of coupled axles 
is denoted by a letter—the letters A, В, C, D, F, etc., 
denoting the numbers r, 2, 3, 4, 5, 6, etc. respectively. 
Names are also adopted, for several types, in U.S. practice, 
Example :—“ Atlantic type.” 


5 


British & American 4 * ` thus 4-4-4. 
French z z 1 » 2-2-1. 
German (New) 2 B 1 „ 2-Bı. 
55 (Old) 2/5 Coupled „ 2/5 Coupled 
| German. 
New. | Old. 
2/2 Coupled. 
3/3 „ 
4/4 — 
5/5 > 
6/6 „ 


їВї 2/4 Coupled. 


101 3/5 ^, 
Ірі 4/6 „ 


IE: 5/7 > 


1B2 2 «0 
1C2 3706989 


1D2 4/7 „5 
т | 2Ar rp 5, 


4 | German. 
Whytes. U.S. Name. | French.| New. Old. 

4-4-0 | American | 2-2-0 | 2B 2/4 Coupled. | 

4-6-0 | то Wheel | 2-3-0 | 2C VE A 

4-8-0 | rz Wheel | 2-4-0 | 2D JO 
4-10-0 | Mastodon 2-5-0 | 2E 572 + | 

4-4-2 | Atlantic | 2-2-r | 2Br 2/s ,, 

4-6-z | Pacific 2-3-1 | 2Cr | 3/0 m, 

4-8-2 | Mountain 2-4-1 | 201 к сд 

| — В = -Ë 

47474 2-2-2 | 282 | 2/6 „ 

4-6-4 2-3-2 | 2С2 3⁄7 ., 
0-4-4-0 | Mallet o-2-2-0 | ВВ | 2-2/2 Coupled. 
о-6-6-о 2 | 0-3-3-o | CC EE TE 5:3; 
0-8-8-0 Ж 0-4-4-0 | DD 24/4 „ 
2-4-4-0 T. | 1-2-2-0 | 1BB 
2-6-6-0 24 | 1-3-3-0 | ІСС | 
2-8-8-о 2: 1-4-4-0 | IDD 
2-4-4-2 > 1-2-2-1 | ıBBı | 
2-6-6-2 22 1-3-3-І | ІССІ 
2-8-8-2 4 1-4-4-1 | IDD: 

2-10-10-2 = I-5-5-1 | IEE: 
4-4-6-2 > | 2-2-3-1 | 2BCr 
I 


WHEEL ARRANGEMENT ТҮРЕЗ. These are comprised 
under four main divisions, vss. :— 


I. All wheels coupled. 
Il. Carrying wheels in /ront of the coupled wheels. 
III. do. behind the coupled wheels. 


. IV. do. both in front of and brhind the 
coupled wheels. Carrying wheels under the above divisions 
may be in single pairs or in groups. 


Articulated engines of the Fairlie, Meyer, Mallet, etc., 
ersten usually employ two sets, as under divisi ns I., 11. 
an Š 


I. ALL WHEELS COUPLED. In the types under this 
division, the total weight of the engine is utilized for adhesion. 
Representative engines аге the о-4-о and о-6-о tank shunt- 
ing! or contractors’ engines, and the о-6-о and 0-8-0 goods 
and mineral engines of British main line ice. Іп recent 
Continental practice, the о-то-о has been built in considerable 
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numbers, the very long wheelbase having the requisite 
amount of flexibility given to it by side play allowances 
on the axle-boxes of the first, third and fifth axles. 


II. CARRYING WHEELSIN FRONT OF THE COUPLED WHEELS. 
Engines of this type, 2-4-0, with one pair of carrying whecls 
on the main frame, were at one time most popular for pas- 
senger service, but, for high speeds, their long rigid base is 
unsuitable, Po 4-4-0 type дысы the wee DU g wheels 
on a bogie frame, now gen |y used, gives ME енері 
flexibility, with a action, and provides for the addi- 
tional weight of a er boiler. The 4-6-0, with its greater 
adhesion, is the natural development of tbe 4-4-0, in response 
to the demand for greater ha € power. The 4-6-0, which 
has been built in rapidly increasing numbers in Great Britain 
during the last twenty years has, together with the 4-8-0, 
been a long accepted type on railways abroad where axle 
load restrictions are far more severe than in this country. 
The 2-6-0 and 2-8-o types represent the standard freight 
engines of American practice, Their rigid wheelbase is 
shorter than in the corresponding engines of the 
"all coupled" types. ` The boiler is larger as compared 
with the latter types and smaller as compared with the 
4-6-0 and 4-8-0 types, comparisons in all cases being 
made with engines of similar maximum weights. 


III. CARRYING WHEELS BEHIND THE COUPLED WHEELS. 
Engines of this type, о-4-2 with one рай of carrying wheels 
on the main frame, have been used for express passenger 
traffic. The type, however, much better suits the require- 
ments of tank engines, providing as it docs carrying wheels 
for the — weight (or greater part thereof) of water and 
coal in such a way as to entail the minimum diminution of 
the weight on the coupled axles, The 0-6-2 and 0-6-4 are 
representative types. 


IV. CARRYING WHEELS BOTH IN FRONT OF AND BEHIND 
ТИЕ COUPLED WHEELS. Most important among engines of 
this type are the 4-4-2, 4-6-2 and 4-8-2, representing the 
further development of the 4-4-0, the 4-6-0 and the 4-8-0 
types, respectively, in the provision of greater boiler capacity. 


In tank engines belonging to this division the “ Double- 
ender” or 2-4-2, 2-6-2, 4-4-2, 4-6-2, 4-4-4 and 4-6-4 
have the characteristic of the third division, with the further 
one of cither a more fiexible wheelbase, or greater boiler 
and tank capacities. 


WEIGHT or Locomotives. An estimate of the weight of 


madein тсе with the known differences іп the details. 
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In many cases, however, there has to be adopted the laborious 
method, viz., the making of a schedule of the estimated 
weights of all constituent parts. 


Under either method, a comprehensive list of the total " 
and “empty” weights of engines of various types and іп 
various sizes and gauges is a most valuable asset, and part 
of such a list, representing the 4 ft. 8} in. gauge, forms one 
of the useful features of this Pocket Book.” This feature 
is further extended below, by an example of a schedule of 
the detail weights of an engine. 


WEIGHT AND WEIGHT DISTRIBUTION. 


DETAIL WEIGHIS. The example given represents the 
weights of an 0-6-2 type tank locomotive, as shown on 
illustration (page 84). 


Cylinders (inside), 17} x 26. 

Coupled wheels, 5 {t. тїп. 

Radial Wheels, 3 ft. 8 in. 

Heating Surface, Tubes 935 sq. ft. 


Do. Firebox, 85 do. 
Total, 1020 do. 
Grate area 8 1977 бо. 


Tank capacity .. «+ 1200 gals. 


Tons. Cwt. Qr. 
Goupled Wheels, Front, with axle and 


crank-pins .. .. .. 2 6 -- 

Do. Driving, with crank-axle, 

eccentric sheaves and 
crank-pins .. .. .. 2 19 = 

Do. Hind, with axle and 
crank-pins .. .. .. 2 6 = 
Wheels, radial with axle .. .. .. .. I 10 > 
Axleboxes for coupled wheels .. .. .. — 12 2 
Kadialaxlebox with side-check gear.. .. — 12 — 
Springs and gear for coupled wheels "2i del — — 
Do. for ra wheels .. .. — 4 3 
Cylinders with covers and glands .. .. I 12 — 
Do. water cocks and gearing .. .. — I 3 
Slide valves and spindles .. .. .. .. — 2 — 
Piston with rods and crossheads with slides — 5 3 
Blige hearst sc er a SSES 5 2 
<onnecting тобут сот. DASS 22 52 == 7 1 
Coupling rods (side rods) .. .. ee os — 3 


A 
ШИ! 


الج : 


PARTICULARS 
THICKNESS OF PLATES, 


Boiler Barrel š in. Frame 1m 


Firebox Copper Tube plate 1 & fin. Buffer Beams 1} in. | E ial АФ Hy 
% „ Back plate А сне Re in, ле Sling Pi T 5 S am | 
ing п, unker lin. | upling Pins, Driving 4 in map S don 
Ash Pan = + . iin. Tank in. = pu 3} in. „ 4 
.. 14 W.G. bottom f in. | Stephenson Link Motion. 


Clothing 2% 
Boiler Tubes (Iron) ¿48 


(1) 


LEN ра ха 


=== I a : = i 
Зат ден A 
= == a, 

ZA — ВЕ 


555 


AFFECTING DETAIL WEIGHTS.” 


GENER 
Bearings Ко) ° 


Vacuum Brake. 


E i dia. 525 „long. 
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Link motion including eccentric straps .. 
Do. Reversing gear including re- 
versing shaft and balance- ~ 
weight and auxiliary steam 
cylinder IE ARE Ss то — 
Framing, including footplates and buffer 
Desnig. e ee o e Ar.‘ 17 
Buffers and draw-gear and screw-couplings — 
Front splashers, sand-boxes and sanding 
Cab and coal bunker .. .. <. .. .. I 
7 AEN der | 18 
Boiler with tubes and copper box .. .. 8 
Do. Mountings, including steam valves, 
injectors, feed pipes and check 
VANE o >>. 2-19 ээ ТТ 6 = 
Do. Regulator and gear with main and 


branch steam pipes .. .. .. — 5 = 

Do. Fire door, ash-pan and реаг.. .. — то 2 
ро: Safety valve? s. s> es No. .— т -- 
Do. Grate with supports .. .. .. — 12 = 
Boiler Clothing, including wood lagging.. — 14 — 
Ро. Smokebox, including chimney .. — 17 2 
Do. Blast-pipe лала = I 3 
Brükegesdt! su SNS oe e т т -- 
Brake, vacuum brake fittings and pipes, etc -- 8 -- 
Firing irons, tools, screw-jack.. .. .. — 5 - 
Empty weight Total.. .. .. 43 = == 

ater in boiler PES оаа 3 — <= 

J t 7 == 

Fuel іп bunker о Mise ve 2 10 — 

Sandin boxes .. .. .. .. — 3 — 


* Full" working order weight. Total 34 — = 


DISTRIBUTION OF THE WEIGHT ON THE AXLES, 


r. CENTRE OF GRAVITY. 


In order to determine the amount of weight which will rest 
on each axle, it is necessary that the longitudinal position 
of the “ centre of gravity ” (C G) of the total weight resting 
on the springs should first be ascertained. The “ dead 
weights, s.e., the weights which do not rest on the springs, 
such as the wheels, axles, axleboxes, side-rods, etc., do not 
m pet of the weight, the distribution of which can be 
a t 
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When the weights and positions of all parts are known, it 
is a simple, though tedious, process to determine the position 
of their common centre of gravity. 

In the more usual case where an engine, the total and 
distributed weights of which are known, is {акеп as а bass 
for a calculation to determine the weight, and the position 
of the C С of another engine, the method is as follows, vis. : 
1. From the known distributed weights, i. e., the weights on 
each axle, are deducted the “dead” hts, and the C G 
of the remaining weights (the weights on the springs) is then 
ascertained, Thus in Fig. т the letters P О R denote the 
weights on the axles (at the rail) and W the total weight of 
the engine; q r the respective dead weights at these 
axles and w the total dead wcights; A and B the distance 
apart of the axle centres, and E the distance of the CG from 
the axis round which the moments are taken. (It will bc 
understood that the units represented by these symbols 
must be in similar terms of weight or distance.) 


Fig. t. 


Weights š 

Оп Rail Р Q R = W 
Dead р q Yo mw 

On Springs P-p Qq Rr = W-w 


Taking the moments of the weights on the springs round 
the axis of axle P the equation for equilibrium is :— 


A(Q-q)+(A+B) (R-r)=E (W-w) 


Distance of C.G. from PE 40-9) +(А * B) (к-г) 
W-w 
The moments may, of course, be taken round any other 
convenient axis, say, as at axle Q, E, in that case, will be 
the distance of the CG from Q and will be situate on that 
side of the axis on which is the weight having the greater 
moment. Assuming that A(P-p) is the greater, then :— 
A(P-p)—B(R-r) ZE(W-w) and 
Distance of C.G. from -E РР Е 
-wW 
Having ascertained for the base engine the total weiglit 
resting on the springs and the position of its centre of gravity, 
the modifications determined upon for the other engine must 
then be taken into account and, thereby, the modified weight 
and the position of its centre of gravity ascertained. Modifi- 
cations on the dead weights must be ascertained separately 
and for each axle. 
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In the example given on page 86 of the method of finding 
the centre of gravity of the weight on the springs, the three- 
аще engine is taken as the example. For the two and four- 
axle engines, the formule are, for convenience, here also 
Stated. 


Fig. 2. 


W-w 
E—$ 
A 


P-p 9-4 


А 
A(Q-q) — E(W-w) or E= 49-9) 


Р-р 9-9 Е-г 5-5 


A(Q-q) +(А +В) (Б-г) +(А +B +C) (S-s)=E(W-w) 
в=А(©-9)+(А+В) (К-т) +(А +В +С) (5-3) 
W-w 


2. DISTRIBUTION. 


Given that the total weights and the position of the centre 
of gravity of the weight on tlie springs has been ascertained 
for the new engine, the method of allocating the load to each 
axle may now be stated for various systems of axle and spring 
arrangements, 


The conditions relative to the distribution of the weight 
over two pons are sufficiently simple to obviate their 
discussion here. This group includes the two axle engine, 
the three-axle engine with com; ted Springs, and the 
four-axle engine, two axles of which are combined in a bogie 
and the others have compensated springs. 


NOTE,—Relative to the use of compensating beams between 
the bearing springs it may be important here to note that the 
г. е for which а “ compensating” or “ balance beam 

tted is entirely connected with the running of the 
engine. In effect it gives greater elasticity to the springs 
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and thus lessens the shocks due to inequalities of the-road, 
etc. It has, incidentally, the effect of limiting the, otherwise, 
possible range of adjustments of the static weights: The 
beam is never fitted to make possible an equal distribution 
of the static loads on those axles, between the springs of 
which it is placed. - 2 

1. Three-Axle Engine with independent springs. 

In engines of this type a very great variety of distributed 
loads are possible. Taking the simplest case for illustrative 
purposes, vis., an engine with its axles equi-distanf from each 
other and with the centre of gravity directly over the mid 
axle. Let 36 tons be the assumed weight. The two extreme 
variations are :— ç 

If the mid axle be dropped until its springs are relieved 
and the whole of the weight rests on the others the dis- 
tribution being 


Front. Mid. Hind. Total. 
18 о 18 36 


If the mid axle Бе raised until its springs are loaded with the 
whole of the weight and the others rélieved, the distribution 
being— 
Front; Centre. Hind. Total. 
о 36 о 36 

Between these two ition extremes of the mid axle it is 
evident that an infinite variety of gradations may take 
place. A few further examples are as under, vis. :— 


Front. Mid. Hind. Total. 
18 о 18 36 
17 2 17 36 
16 4 16 36 
14 в 14 36 
12 y 12 12 36 
10 16 10 36 

7 22 7 36 
3 30 3 36 
° 36 о 36 


The main point to be here noted із that, within the limits 
of equilibrium, an adjustment can be obtained to suit the 
arbitrary selection of the weight which may be considered 
desirable for any one axle. Putting aside the ideal condi- 
tions of the above illustration and taking the case of an 
actual engine for which the distributed weights are :— 

Front. Centre. Hind. Total. 

14 13 то 37 
It will be evident that it is within the Итй of equilibrium 
that the load on the mid wheel could be increased to 14, 15 
or 16 tons or decreased to то, 9 or 8 tons, as might be arbi- 
trarily selected. The effect on the other weights would be 
governed by the positions of the three axles relative to that 
of the central gravity. 
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A similar arbitrary selection of weight for either the 
front or the hind axle із, of course, possible, but only one 
of the three weights may be so selected. 

- For general application, the formule аге as under, vis, 


Let W = The total weight to be distributed on three axles. 
„ у =The weight determined upon for one axle. 
„ x The weight on a second axle. 


Then. W-(x+y)=The weight on a third axle. 


The equation for equilibrium, A айа B being as in Fig. 4, 
the distance apart af the axles is as under, vis. :— 


With y as the weight determined upon for the mid axle, 
and x as the weight on the front axle. 


Fig 4. 
Ww 


A B 


x y W=Y+X 
Ax—B (W —(у+х)) = EW 
or with y as the weight determined upon for the hínd axle 
and x as above 
Ax—By=WE 


NOTE.—Ax in these equations is assumed to be the greater 
moment, 

Taking for an example the actual distribution quoted above 
and assuming the positions of the axles as A=8 and B =8} 


Fig. 5. 


8 8} 
14 13 йо = s) 
the position of the “ centre of gravity ” will b 


(14 x8)—(10x 84) =37E 
E=0'73 


до 


Readjusting the distribution to suit an arbitrary selection 
of 16 for the weight on the mid axle, 


5 on Front axle. 
=1 
ТІНЕ езу еа оп Hind axle. 
8x—8} (37—(xx16) --37х073 
Х--12745 
y=16 
.37—(xxy)= 8:55 


II. For engines with more than three points of ODDS 
i.e., with four or more axles fitted with ind dent springs, 
or five or more axles with compensated springs, etc., it will 
be sufficient now to state generally that, in the calculation 
for distribution, where W represents the total weight on the 
springs and x represents one of the distribution weights, a 
second distributed weight will be W—(x+ the remaining 
weights), and that these remaining weights may (consistent 
with equilibrium) each be arbitrarily selected. 


General Example.— With an engine having tle same general 
dimensions of that shown on the прозр (Great Western 
Railway Locomotive No. 97), it is desired to ascertain 
what the distributed weights would be with a shorter firebox 
and with the hind footplate moved forward and the frame 
corr ndingly also shortened, It is to be assumed that 
these deductions amount to an equivalent of the removal of 
a weight of one ton, at a distance of 12 feet behind the 
driving axle. 


The position of the С.С. for the weight on the springs, of 
the base engine, is first to be ascertained. For this purpcse 
the dead weights —the weights respectively for each axle, 
of the wheels and axles with crank-pins and eccentric side 
rods, part of connecting rod, axleboxes, bearing springs and 
such parts of the valve gear as are hung directly on the axle 
connections—must first be computed. For the purpose 
of this example, let them be taken as stated herewith under 
the distributed weights. The weight of the pony truck is, 
it may be noted, assumed to be part of the dead weight for 
that axle, as it is a central loose weight on the springs. 


se 


2-8-О Туре. 


Weight: 6:16:0. A /7.10:0. /8:0:0. 800. Tow: 68:6:0. 


MINERAL Locomotive No. 97, G.W.R. 


DISTRIBUTION OF WEIGHTS. COUPLED AXLES. 


Pony. Front С. Int. С. Driving Hind с. Total. 
Се 8 674 ес 4 бега 1 
17 то 0 18 о о 15 о о 68 6 о 


Ж: 
W. t on Rail ...... 616 
# 6 315 0 318 о 4 бо 3,15 O 18 о о 


4.............. 


ooa 
- 
- 
o 
o 


On Spring 410 о 32$. 0 13 12 0 1314/0, ҒҒ” 5:07” 39 16. 6 


ment. 90 145 272 274 225 1006 
Taking the moments round the axis of the driving axle; the distances or lever arms are respectively 
Pony 90 cwts.at 8/97 + 55 + 5'5' = 197°, =235 in. 
Front C. 145 „ 8, 3° 4 55” = 10’ 10° =130 „ 
выс, 24 5 4267 = 5 525-65, 
Hind С. 225 „ 6’ o* зи. 16,07 зауза 5 
The cquation lor equilibrium is — (90x 235) +(145х . х72) =1006хЕ 
Distance of СС. in front of Driving Axle Е = 4124 in. 9 


Тһе weight is to be reduced by т ton at a distance of rz ft. behind the driving axle, and thus 
144° +41°24"=185°24" from the CG. The total weight will be 1006—20=986 cwts. 


A A 

986 20 

-l x* | 

РАНЕЕ IC 1855 > 
Movement of -CG, . 185˙24 


= 37in. 


986 
The distance о! the СС. in front of the driving axle, for the modified weight, will therefore be 
41°24" 43°77" =45'01" 


Distribution of the modified: weight. Four examples, 


1. With equal weights on the springs of the coupled axies. 
Let x=weight on each coupled axle. Then 968—4x=weight on pony axle 
With the distances as above, for position of axles, the equation is— 
(986—4x) 235 + 130х + 65x — 72x = 968 x 45 


x=229'3 
986—4x=68'8 
Weights. Pony. Front C. Int. С. Driving. Hind C. Total. 
Су. 65858 2293 24933 22973 22033 986 
8 КЕЗЕ. | t e q t са tre xq с Бем 
On Springs: -......... 3. 9 0 п 9 0 11091 го I In 9-1 49 6 о 
Dea 2 6 O 315 0 318 o 460 315 о 18 о о 
On Rall 515 9 i$ 4c T LEGAME 15 I$. т 195.4 67 6 о 


2. Retaining weight on Pony as on base engine. 
Weight on Pony = 
„ on Front, Int. C, asd 1 Driving Lee А 
70 on Hind = 986 — (3x + 90). 
Equation, (go x 235) + 130х + 65x — 225 (986 - (3х + 90) = 986 x 45 


x = 2134 
986 — (3х + 90) = 2558 
Ропу. Front С. Int. C. Driving. Hind C, Total. 
Cwts. 90 213°4 213'4 213'4 2558 986 
Бе toe 74 te tx Pr t 


bacos siae 8 


On springs to 3 0 13 2 10 Ў 2 4 ne 

. 0 1 13 2 10 13 2 1215 2 49 0 

oh ° о о о оо 
6 


Ой Бай .............. 616 о 14 82 1411 2 14 to 2 16 оз 67 


3. With 225 cwt. аз the selected weight for the Hind Coupled, до cwt. for the Pony, and with the 
weights on the Int, Coupled and Driving equalized. 

On Pony = оо. 

On Int, С. and Driving = х. 

On HindC = 225. 


On Front С. = 0986 — (2х + 90 + 225) or 671-2x. 
Equation, (235 х 90) + 130 (бут — 2x) + 6sx — 72x) = 986 x 45 
X = 2452 
671 — 2x = 180°6 
Pony, Front С, Int. с. Driving. Hind C, Total. 
Cwts. 90 18076 24572 24572 225 986 
келд porq 629 £ 639 t é q іс емді 
و‎ .........»» 410 © 902 ха 4:1 18 § 1 11 5 о 49 6 
DD a E $ <O 315 0 318 о 4 б о 315 O 18 о о 


On ЖАП 2172222239369» 6-16 Ө 1215 2 . 16 I1 т 15 о о 67 6 о 


4. In this, the final example, the selected weights, vis., those for the front C., Int. С. and Driving, are 
identical with the corresponding weights of the base engine. 
Weight on Pony = x. 
Front C, 


.. = 145. 
A Int. C, = 272. 
„ Driving = 274. 
„  HindC, = 956 — (x + 145 + 272 + 274) ог 295 — x 
Equation, 235x + (130 x 135) + (272 x 65) — 72 (295 — х) = 986 x 45 
x = 944 
295 — x = 200°6 
Pony. Front С. Int. С. Driving. Hind С. Total, 
Cwts. 944 145 272 274 200°6 986 


са {са t cq ic: 4 са te | 
LET Pe 419 180 13 14 О 10 оз 49 бо 


t 
On spring... 4 14 4 
Dead 260 315 0 318 o 4 60 345 0 18 о о 


4%444........ 


ОБЬ 2590.3 оо 17 10 о 18 о о 12315 3 t7 бо 
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Of the four alternative solutions given above, No. 1 has 
the effect of placing on the Pony Truck what would probably 
be too little weight, for gusding „relative to the total 
weight of the engine, and that by No. 2 places too much 
on the Hind Coupled. Of Nos. 3 and 4 that effected in 
Хо. 3 seems the better. 


Compensating Beams.—Alter the distribution has been 
finally decided upon, Hrs А ie as regards “ compen- 
sating beams ” may be considered. In practice on our home 
railways “ simplicity of paris” has been such a governing 
principle, that to avoid complication in the case of the spring 
gear it is characteristic that cach of the springs is indepen- 
dently connecte i to the main frame of the engine, whereas, 
in Colonial and foreign practice, the use of the compensating 
beam to give inter-communication between the springs is 
equally characteristic. The fundamental differences of 
chaired and spiked permanent way and relative standards 
of maintenance achieved, largely decide the question of 
whether compensating gear shall be fitted or omitted, 


The “ Two Groups“ system of compensated springs is to 
be generally recommended. In the 0.6.0. type engine this 
means that the springs of one axle are independent and that 
those of the others are compensated. In the 4.4.0 type, 
that the bogie forms one group and the springs of the coupled 
axles are compensated. In the 2.6.0. type that the ings 
of the pony and Leading Сора аге теруді п опе 
group and that those of the ving and 4 Coupled are 
also compensated, etc. 


In the engine, the distribution of which has been dis- 
cussed above, the best arrangement would probably be to 
couple {һе pc of the Pony and Front Coupled, and of the 
Int. Coupled, Driving and Hind Coupled. 


For such an arrangement, with the distribution as given 
in No. r, the beams between these springs of Int. Coupled 
апа Driving would have equal arms, as the loads on the spring 
are identical, For the distribution given in No. 4 the arms 
of the beams between Int. C. and Driving would be equal, 
but for those between Driving and Hind Coupled the arms 
would be as 274 to 200—the shorter arm being connected to 
ы пае weight. The beam, between the Pony and Front 

опр springs, as usually arranged, connects the centre 
pivot of the Pony with a transverse beam between the front 
ends of the Front Coupled springs, and is to be proportioned 
therefore in ratio of the weight on the Pony pivot to one-half 
of the weight on the front axle springs, і.е.,іп No. таз 68°8 ; 
11476 and in No. 4 as 9474: 72'2. 
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VARIATION OF DISTRIBUTED WEIGHTS IN 
TANK LOCOMOTIVES. 


Consideration has been given above to a method by which 
the distributed weights for “ Full Working order con- 
ditions may be calculated. In Tank Engines, it is further 
desirable, in many cases, to ascertain what changes will 
be made on that distribution consequent on a partial or 
total emptying of the tanks and bunker. Such a case, for 
instance, is that in which, on account of the tanks (water 
and fuel) being situated over a hind carrying axle, there 
is a danger of the weight on the wheels being reduced beyond 
a safe running limit. 

The method here described and exemplified has reference 
to engines in which the spring-carried weight rests on three 
or more points. The simpler case of the two-axle engine 
or of that in which the weight is carried on two points only, 
it is unnecessary to discuss. 

The three conditions on which the method is based are :— 


I.—The centre of gravity (C.G.) of the engine with tanks 
and bunker empty, is known, #.e., the С.С. in “ full 
working order,” and the movement from it due to the 
position and weight of the water and fuel. The dis- 
tributed weights in жанра " condition will be in 
equilibrium on this (Empty) C.G. 

II.—The sum of the differences between the full and empty 
weights is known. It is equal to the weight of the 
water and fuel. < 

III.—The amount of deflection per unit load on the bearing 
springs is known. From the vertical movement of the 
engine, as measured at its spring-supported points, the 
change on the load of these springs can therefore be 
deduced. 

In Fig. 1, let P.Q.R.S. denote the distributed weights 
and W the total weight in full working order; let p.q.r.s. 
denote the differences on these wcights and w the sum of 
these differences for the tanks and bunker empty con- 
dition; let A.B.C.D.E. denote the distances as shown, 
G being the position of the С.С.“ Empty." Let d denote 
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the deflection per unit of load for all the bearing springs 
and let the dotted line H.J. relative to the level line Е.С. 
show the vertical movement of the engine due to relief of 
the springs. 

I. (P—p) (A+B) +(Q—q) B=(R—r) C+(S—s) (C+D). 
II. p+q+r+s=w. 

ІШ. та=(за—ра) — +pd. 


IV. qd-(sd—pd) g + pd. 


These equations apply to a movement in which all the 
springs are relieved. It often happens, however, that on 
one or more sets of springs, the movement is reversed. 
The numerical example given below illustrates such a case. 


GYO 9-9 O (©) OnO 


ENNS 


In ar 2 is illustrated а 0-6-4 in Pa Tank Engine. The 
weights in cwts. on the acing Be 

given. The C.G. is that wi d 
empty. The positions of the е с; аге given in inches. 


It is to be assumed that, from the position of the 
the greater part of the weight will come off the hind cow 
and е wheels, and that there will be an increase of ht 
on the front coupled wheels. Fig. 3 illustrates the assumed 
directions of the movement. 


Let, жыр. d. x. s. and w denote the variations in weight 
A cwts. The deflection of the springs of the coupled wheels 
3 per ton, and of the nen 12/64-їп. per ton. 
For purposes of the following calculation the comparative 
values d=11 and e=12 аге sufficient. 


E 
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(tas T p) 103+ (115—4) 30=(133—*) 20 + (212—5) 134 
or тоҙр--304 + 20 + 1345=14,640......... +... owe PAX) 


II. +р—ч—тт—5=—122........ „ 


Fig. 3. 


III. 111=(128+11 233 түр, 
р) 237 р. 
ог 1254р + 2607г—14763=0 


от 24р+ sor— 2838=0 ............... oes oof) 
Iv. rıq= (ras + 11477 тїр. 

or 1804p +2607q—876s=0 

34'6p+soq—16'8s=o .......................... (4) 


From equations (1) and (2). 

73Р--50Г--1645--18300....................... (5) 

123р— 509+ 114S= 12200 ...... .....- 4....... (5) 
From equations (3) and (5). 

—49P—192°3S=—18300 ................ eR 
From equations (4) and (6). 

157:6p--97:28—12200 ................. „ 
From equations (7) and (8). 

5228246720 


s= 
By substitution p=22, q—15:6 and r=38-4. 

For these values and the given deflections Fig. 3 shows 
in vertical scale, the movement in “ full size and іп hori- 
zontal scale the relative positions of the axles. . 

The weights on the springs in cwts. in full working order 
are :— 

Front C. Driv. Hind C. Bogie. Total. 


126 115 123 212 586 
The differences as calculated above are :— 
+22 —15:6 --384 —90 122 
The weights on the in “Tanks and Bunker 
Empty" condition are ore: 


148 99% 94-6 122 464 
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It may be of interest to state that the weights in “ full 
working order ” represent the weights of an engine, as actually 
built, and that the “ differences” between these and the 
“Tanks and Bunker Empty " weighing were :— 


+16 —10'25 —34 2 939 12175 


As the engine was weighed first in full working order, the 
friction of the movement pivots, etc., partly accounts for 
the differences between the calculated and actual differences. 


STABILITY ON CURVES. 
Let W=Weight of Locomotive in pounds. 
V=Velocity in feet per second. 
R=Radius of Curve in feet. 


C=Centrifugal force in pounds. 
wv? 

Then с=з xR 

Or, as may be more readily бұрсам 

Let M=Velocity in miles per hour. 

WM? 

Then C= E 

Let A=Vertical distance in inches of the “centre of 

gravity " of the engine, from the top of the outer rail. 

Then CA-WM'A,. The moment, of the centrifugal force 

= = 15 К tending to overturn the engine. 

Let B=The horizontal distance, in inches, from the “ centre 
аву of the engine to the centre of the outer 
ra 

Then WB=The moment of the weight resisting the action 
of the centrifugal force. 

: WMA 

For equilibrium of these forces, 158 =WB. 
. Therefore the speed at which equilibrium takes place is :— 
м» = SBR M=A / 15BR 

A A 
Permissible Speed.—From the above, the speed at which 
equilibrium takes place can be determined, but it is unstable 
equilibrium. As “ factors of safety ” it has been suggested 

(1) that double the centrifugal force should be allowed for, $.e., 

ıA/ 25x BR: or, that the superelevation of the outer 

А rail should not be taken into account, f.e. 


=4/ 15 GR where“G” is equal to one half of the distance 
H between the centres of the rails апа“ H,” 


the height of the “ centry of gravity ” of the engine from 
the level of both rails, 


100 


ех) 


SS 


elevation in Inches. 


upe. 


5=5 


IOI ~ 


Example.* 

Gauge, 4 ft. 83 їп. C.G. of engine, бо in. above rails. 
Curve, 12 chain radius (792 fl.), with 11 in. superelevation, 
merging into 8 chain (528 ft.) with 3$ in. sup. :— 

Thus G=29ł in. Н=бо in. And by calculation for 
Ià in. sup., А —59:43 in., and B=30-64 in,; while for 3$ in. 
sup., А=58-25 in. and B=33-06 in. (see diagram). 

(1) On the 792 ft. curve. 
With superelevation. 


NJ SBR N5 x 30°64 x 792 лу 615778 m.p.h. 
M= SS eee 


59°43 
Sup. not taken. 


ar SSE Vi х nee =A/ 55-76 m.p.h. 


With double C." 


Menn 4/75 х 39-64 х 792 A/ 3964-33 m.p.h. 
M= * - = 


59°43 
(2) On the 528 ft. curve. 
With superelevation. 


м=4у SBR -4/5 x 33-06х 528 А /4487=67 m.p.h. 
P A 58:25 = 


Sup. not taken. 


м=А/150® =A/ 15% 29°5 х 528 ду 3884=62 m.p.h. 
= TH = Sean = 


With double “с.” 


M= 4/7588 A / 75% 35-06% 528 _ 2243=47 m.p.h. 
= Reg 58-25 — 

»In the case (“Тһе ineer," СП., page 355) from 
which the particulars for this example are taken, the per- 
missible speed was 30 m.p.h., and derailment was supposed 

` to have occurred at a speed of about 70 m.p.h. 


WHEEL-BASE IN RELATION TO 
CURVES. 

Determination as to the suitability of any wheel-base for 
traversing a curve of a given radius is dependent, in the 
first instance, on the following considerations, viz. :— 

т. The clearance between the tyre-flange and the shoulder 
of the rail, A normal example of this, with flanges and 
rails of full contour, $.е., not worn, is shown in Fig. І. 
The movement for which allowance is made, s.e., 
*' clearance," is indicated by the dotted line and amounts 
to ñ inch. The total clearance for the two tyres on an 
axle is thus š inch. In Fig. 2 is further illustrated an 
example of the thin flange frequently adopted for 
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intermediate wheels, such as the driving wheels of an 
о-6-о type engine, and this, as shown, allows for 2 inch 
clearance, or for the two tyres 1 inch total clearance. 

2. The clearance between the eboxes and their guides 
and the end clearance between axlebox bearings and 
axle journals: Usually these clearances are only the 
normal fitting allowances. Between the axlebox and 
guides (inclusive of those for the coupled wheels) there 
ped cases where additional side-play or clearance 
is given. 

3. MN ice for lateral movement at bogie pivots or centre 
slides. 

4. Wi of the Gauge" at curves: On British 
railways it is not usual to widen the gauge at curves. 
(“ Spreading " of the gauge, due to the thrust of vehicles 
against the outer rail, proceeds only until a “ regulation " 
maximum is reached, and the gauge is then re-adjusted 
to normal.) On the Continent of Europe Widening ” 
seems generally adopted, but a very great disparity 
exists in the practice of the various administrations as 
toitsamount. A few examples from important railways 
are given in the table herewith, from which it will 
seen that as much as зо millimetres (say ich inches) for 
a 300 metre (say 1,000 feet) radius of curve, is allowed. 
The dimensions given in the table are metrical. 


GAUGE WIDENING. 


—= 
Radius of Curve in Metres | 
RAILWAY. (widening in mm.). | 
| | | 
100 | 200 | 300 400 | боо 800 тосо 
{ | | dmn | 
Austria ASR. ....| — | — | зо | 24 | 12 | 12 | 12 
5. 


Swiss Federal Rys.. 20 | 20 | 20 
| Saxon State Куз... | — | 25 | 25 

| Prussian State Вуз | 30 | 24 | 18 15 
| Wurtemburg State 


Rys. 

Dutch Railway бо: 15 15 | 15 
State Куз... | 10 | 10 | 10 | 10 
France P.L.M. ....| 10 | 10 | 10 | 10 
Danish State Rys... 17 | 12 | 17 | 9 | | 
The determination, it will be understood, is to be made 
chiefly with the object of scende a minimum rolling resis- 
tance in the passage of curves and, co uently, a minimum 
“wear and tear“ of wheel flanges and rail heads, as caused 
by the side pressures due to guiding action. Fig. 3 shows, 
for a two-axled vehicle on a curved road, the position of the 
tyre flanges in relation to the rails, the running direction 


N. — ЗЕ ro то | 10 


оооло оо 


. E S A STANDARD TYRE CONTOURS (REPORT N?276-1927) 
FOR BRITISH RAILWAYS 47-872 GAUGE. 


sish 


1% 
FLANGEWAY 
4-8% 
Х*-!м ORDER то SUIT RIMS OF CERTAIN WHEEL CENTRES THIS DIMENSION 
MAY BE VARIED AS DESIRES UP TO A MAXIMUM OF 3⁄6 INCH 
LEADING & TRAILING WHEELS РОЯ BOGIES, PONY TRUCKS ETC. 
С COUPLED WHEELS WHEN LED ВУ BOGIES ETC. 
G TRAILING COUPLED WHEELS WHEN FOLLOWED BY BOGIES ETC. 
Е COUPLED WHEELS OTHER THAN LEADING & TRAILING 
ін COUPLEO WHEEL GROUPS ОР 6, 8, ОА IO COUPLED. 


Ë: 


% 
FLANGEWAY 


FLANGEWAY 
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being as indicated by the arrow. The е of the Н. 
front wheel, in contact with the outer rail, is subject to a 
continuous transverse displacement on the rail and guides the 
vehicle round the curve. The axle of the hind pair of wheels 
is разве (by the framing attachments) to the front axle 
and will tend to maintain a radial position to the curve so 
long as the В.Н. wheel flange runs clear (as shown in the 
diagram) of the inner rail. This position is the one most 
conducive to easy running, and for it the relation of wheel-base 
to curve may be defined, vis. 
Let Е — Radius of curve. 
Beza wheel-base. 
C=Side movement permitted by total flange clearance 
and gauge widening. 


Then R°—(R—c)?=B* 
2Rc—c*=B* 


Relative to the dimensions here being considered c? is 
— Ыу small and the equation may be approximately 
s as 

B= vaRc 
B? 
Еш — 
sc 
B? 


2R 


Gauge 1j inch. 
Total 1$ or -1354 foot. 

B= Re = V К 2хбоох 1354 = 4162-48 
zz12 ft. 9 in. 
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The following table gives a few examples of this rule as 
given in the recommendations of the German Railway 
Union :— 


Rigid Wheel-base in Relation to Curves, 


Radius іп feet | 
Total clearance in inches .. 


Wheel-base B= 4/2 Re .. 


4 т 


1600 1600 | 650 | 650 
3 
10° 44”) 16° 5” 11 


, 


For a longer wheel-base or for a sharper curve the hind 
axle will not run radially to the curve and the radial position 


will fall, as shown in Fig. 4, Co be defined by the equation :— 
B*—Rc 
x= 


2B 

Determination as to suitability are usually made from a 
“scale” drawing of the “ Curve,” with the “ Wheel- 
superposed. Curves of the very great radii here involved 
are not, however, conveniently drawn to a scale which, for 
the comparativel: short wheel-base, allows of an exact 
definition of the clearances of the wheel flanges with the rail. 
Roy’s method obviates this difficulty and allows within the 
range of an sheet of drawing paper and a moderate 
length of trammel compasses, for the clearances being 
shown in full size. 


тоб 
ROY’S METHOD. 


Fig 5 


=R2—(R—c)* 

B?-2Rc—c? 
and, as above, approximately :— = 
D?’=2Rc and c= — 


For ae the figure, if, however, a 0 of */n be adopted 
for the B dimension and a scale of in“ for the R dimension, 
it will be found that c dimension will remain the same as in 
the original full size figure. 

Thus for the “ full size = 


—— =c 
2R 
and for е scale figure 
в? 
п n? B? п? p? 
— = == = — ш С 
2R aR aR n? aR 


п? 

It is to be specially noted that the use of this equation is 
confined to cases where R is very great relative to с, 

Fig. 6 shows the application of this method to the drawing 
a Sure in relation to ‘the отат x 9 t 

с уа а. 4. represent the е 

outer and inner rails respectively. The line f represents the 
touch or contact line of the wheel flanges with the rail, the 
left-hand side of the line representing the touch line of the 
left-hand wheels and the right-hand side of the line уч 
ing similarly the Е.Н "touch line of the R.H. Again 
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similarly, the line t represents the touch line for the front 
truck wheels. The distance с between the curves а, a! shows 
the total clearance for transversc movement of the wheels. 
In this тре the truck L.H. wheel and the L.H. front 
coupled wheel are shown in touch with the outer rails, and 
the hind coupled axle is shown as occupying a position 
radial to the curve. 

Calculating for those positions and the dimensions given 
on the diagram for the rigid wheel-base (111 inches) to find 
theclearance ресе should be given for a 600 ft. curve we have 


rir? 


с = — = — - = finch, and 
2R 2х 600 X 12 
D°—B* 198%—111" 

е = = — = finch 


2R 2x 600 x12 

Allowing š inch as the total flange clearance this would 
entail a $” widening of the gauge. In this example, con- 
sidered as a sketch of the application of Roy's system, the 
diagram is (to suit the size of the page) absurdly small. 
The scales adopted are gk for the wheel-base and ib 
for the radius, with a further reduction of size to one-four 
The actual scales adopted are, therefore, 4, for the wheel- 
base, ylos for the radius and i for the clearances. In 
actual practice the following scales will be found useful. It 
is assumed that half size will be adopted for the clearance 
or "C" dimensions. Three examples are given :— 


Clearance ...... | à 4 À ] 
Wheel-base .... Ф 
Curve radius .. | 158 oho зү%-Б 


The ratios given In, n“, are for the first column $, 
#, ; for the second, ., 159; and for the third, 13. to . an · 

For a rooo ft. curve, using the values in the third column, 
the radius would be 29% = 3:2 ft., and a зо inch sheet of paper 
would allow for 30 & 25 x 2=1500 ins. length of curve. 

Any other scales may, of course, be adopted provided 
hat the ratio 2/0 to */n® be retained. 


LENGTH OF TRUCK RADIUS BAR. 
J. D. BALDRY’S METHOD. 
Fic. 7. 

Baldry’s method of fixing the length of the radius bar for 
trucks is shown graphically by Fig. 7. 

In the right-angled triangle, a b c, the side a b is equal to 
the distance from the mid point of the rigid wheel-base to 
the centre of the truck, and the side a c is equal to half the 
rigid base. Bisecting at d, the hypotenuse of the triangle, 
a line perpendicular to b c, drawn from this point, cuts 
Soe ato Mn COEM ки о пш шшк 

ar, 


This length is mathematically correct and as will be noted 
from the construction is quite independent of the radius of 
curve. It may be calculated from the equation where, 

y=The required length (ac). 

T=Distance (ab) of centre of truck from the centre of 
the rigid base. 

F=Half of the > base (ac). 


by y=} ( ku =) 

The rule, however, is only mathematically correct for an 
assumed position of the eels relative to the track, vis., 
that on each side res; ively, the clearance is equal at 
the front and hind of the rigid base and at the 
truck wheel. 


С. LOTTER’S METHOD. 
Let у =the required length. 
B=Rigid base. 
D — Total wheel-bose. 
x=Distance of radial point from hind axle of the rigid 
base as in Fig. 4. 


(B—x.)? 
Then y=} (0-9 — | 


Dex 


IIO 


Versed - sipes 


Radius of Curve in Choios. 
Chord in Feet © 


Versed- sine in Inches 


Versed - sine in Inches 


III 
GERMAN PRACTICE. 
1. Resistance of Trains. 
I. Resistance per ton of Train inclusive of Locomotive on 
thelevelroad. 
Miles per Hour ..| 10 | 20 | 30 0| 50 | 60 | 70 | 80 
Shunting Engine | 9.711 E sasa mr a= Te, 


Second, 
(ада ^ ..| 6.2 7.510.3 
шіп et) E 9.5 12 15.519. 
Do. (Von Borries) 7 | 810 |12 [15 |18.5| 
Do. (Barbier) 6 8 |10. 13 did 
1 
II, Resistances per ton of Train. ы 


For contractors’ shunting locomotives the resistance on the 
level road may be taken at 18 Ibs. for the locomotive and 
9 to 12 Ibs. for the wagons. 


Resistance of Locomotive and Tender on the level road. 

The resistances for the wheels or bogies of the loco- 
motive and of the tender wi are taken at 5.6 Ibs. рег ton, 
and the resistances for the coupled wheels are taken at the 
rates given herewith. 


Resistance in Ibs. FFT ton of load on Coupled Axles. 
TEs of __ No.of Cylinders. No. of ee Combed мы 2 


— зява вајн 18-8 LILIES 
13-45 | 16-8 | 19-28 | 21-27 | 22-7 


ATMOSPHERIC RESISTANCE, ETC. 


In lbs. per sq. ft. of Frontage at Speed in Miles per Hour. 
PES 1-6 M + 12] 2 
R = 212 {ews i?) 


when R = Resistance in Ibs. per sq. ft. 
= Miles per hour. 


— J AERA 
| Lbs. per sq. н. |.94 2.32 94 2 6.93| 10.15 | 14.0 | 18.5 


RESISTANCES In (85 PER TON 


II2 


RUNNING RESISTANCES (STRAHL) 


TRAIN WITHOUT LOCOMOTIVE. 


MILES PER HOUR 
FOR CORRIOOR AND HEAVY GOODS TRAINS 
* PASSENGER TRAINS. 
FAST GOODS TRAINS. 
= ORDINARY GOODS TRAINS 
" TRAINS OF Empty 2 AXLE WAGONS 


n OOD * 


113 


GERMAN STATE REGULATIONS, 
Maximum rate of Revolutions per Minute of Driving Wheels. 
I. Locomotives with two outside cylinders or three cylinder 


(two outside and one inside) locomotives. 


(а) One axle must be behind or below the firebox. 
ading Leading Without 
Bogie. carrying axle tasting 


or bissel. le. 
4 or 6 coupled 320 280 
8 n 260 260 200 
10 = 230 230 200 
(5) With overhung Firebox. 
4or 6 coupled 240 240 220 


Вог10 „ 180 


II. Locomotives with inside cylinders or four cylinders 
(two inside and two outside) with cranks at 180° 


(a) With or without trailing axle, trailing bogie or trailing 


Bissel truck. 
4 ог 6 coupled 360 310 280 
Вог10 „ 280 280 250 

(b) with overhung firebox, same as above, for outside 
cylinder, 


III. Articulated Locomotives. | 
With or without overhung firebox, and any position of 
cylinders. 200 r.p.m, 


SUPERHEATER Locomorives 
HORSE POWER PER SQ Fr оғ HEATING SURFACE 


WITH COAL OF 14500 BT hu. 


1-00 
t з 
: 2 
ё % 
3 pm 


3o 60 90 120 150 u 20 240 по 300 


REVOLUTIONS PER MINUTE | 
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А SINGLE EXPANSION = BOILER Pressure 1801.85 

В. bo. Оо. 190 - 

© do. oo. 200 - 

D. 3 CyL? SINGLE EXPANSION 00. PE 

E. 4 * Compound Do. каме 

F. 4 Do. со 220 ° 

eA 2% бо. Do 235) > 
HEATING SURFACE DOES NOT INCLUDE SUPERHEATER 
RATIO INTERNAL HS im 2.5103. 


SUPERHEATER SURFACE 
RATIO HEATING SURFACE) m 507055 PER Express 


Pass ER 
GRATE AREA yo 551070 PER GOODS. 


а 
z Locomotiv 1TH SUPERHEATER 
MEAN PRESSURE ON PISTON 8 HORSE Power (BRUCKMANN) 
MEAM PRESSURES ARE PLOTTED FOR 170085 PER 58 iw BOILER Pressung 
HORSE POWER 1$ PLOTTED rom 2 CYLINDERS OF У S Cus Fr VOLUME жасы, 
EG Asour 17% Diam + 26 STROK&. 


EXAMPLE MEAN PRESSURE АТ 50% Cut orf ano iBOREVS * 87 LSS PER Sow 
HORSE Power АТ 307 CUT OFF ano 0 REVS • 950 


we = 


9 


MEAM PRESSURE ON PISTON im (85 Pen So im 
WORSE Powen von Gace 3 $ Cua Fr or Сть* voLunt 


62 мо Б 300 мо 
Revoss PER мімоте 
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LOCOMOTIVE wirH SUPERH 


STEAM CONSUMPTION IN LBS, PER I H.P. HOUR AND 
TOTAL CONSUMPTION PER 3.5 CUD. FT. OF CYLR, VOL. 
PLOTTED FOR 170 LBS, PER SQ. IN. BOILER PRESSURE. 
THE TOTAL CONSUMPTION IS PLOTTED FOR 2 CYLRS, 
Or 3.5 CUB. FT. CAPACITY EACH ¢.g., 174" х26” 


STEAM CONSUMPT IN LBS PER НР 
eer 35 Cus РТ or CYL? voLume 


TOTAL Steam Consumer ім LBS 


180 29 300 
REVOLS PER MiNUTE 


BASIS CALCULATION FOR AN EXPRESS 
LOCOMOTIVE. 


(Superheated Steam). 


Required Duty— To take a Corridor Train of 541 tons (550 
tonnes) on the level at a speed of 68-35 miles per hour (110 

Km. per hour). 
` То take the same train up 1 in 100 at 28 miles per hour. 

The limiting load per axle is 17-7 tons (18 tonnes). 

A rough estimate indicates that three осиб axles are 
required and the available adhesion will thus be 17-7 x 3= 
53-1 tons. Allowing for a four-wheel bogie the total weight 
may be taken at 76.7 tons, 

The weight of the tender may be allowed for at 59 tons. 

Weight on Coupled Axles = -- 53-1 tons 
Do., Bogie and Tender Axles.. -- 82-6 tons 
Weight of Engine and Tender . 135-7 tons 
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For a speed of 68-35 m.p.h. the dia. of the driving. wheels 
may be taken at 78-75 in. (2000 m/m) giving the revs. рег 
minute at 300. 

The piston stroke may be taken at 251 in. (650 m/m). 

Resistances on the level at 68-35 m.p.h. :— 

Engine doomed axles only) is taken at 16-33 Ibs. per ton 
(see Table above). 

The engine bogie and tender are taken at 5-6 lbs. 
per ton. 

The atmospheric resistance, etc., is taken for a cross- 
sectional area of 107-6 sq. ft. (10 sq. m.) at 18-25 
Ibs. per sq. ft. 

53-1 X 16-33) + (82-6 x 5-6) + (107-6 x 18:25) = 
3293 Ibs. total for engine and tender. 

Corridor қүла is taken at 12-3 Ibs, per ton (see Diagram 
оп р: 112). 

541 x 12-3 = 6654 Ibs, (3025 kilos.) for Train. 

Total resistance of Engine, tender and train = 3293 +6654 

= 9947 Ibs. (4510 Kg.) 


: 9947 x 68-35 
Horse Power, = S+ E 1813 


Allowing for a three-cylinder locomotive with boiler pres- 


sure of 200 Ibs. рег sq. in. diagram page 114 curve Р; gives 


for 300 r.p.m. -84 Н.Р. per sq.ft. Heating surface ‚лычы 


"84 
= 2160 sq. ft. required. 


2160 
The grate area at the average rate of 55 is 


55 = 39 sq. ft. 
2160 
The Superheater surface at 2.75 is 27” 78-5 


Cylinders—the diameter of the cylinders, for a 2- 


cylr. 
engine at a mean pressure of 52.6 Ibs. per sq. inch (see dia: 
gram page 114) is 


_„ /9947 x 68-35 ; 
р =А/ з 5 10435, 


For a three-cylinder engine the diameter is 
`р ы = 19} in. 
1-5 
Resistances on 1/100 at 28 m.p.h. 


Engine, coupled axles only, is taken at 16-33 per ton. 

Engine bogie and tender are taken at 5-6 Ibs. per ton. 

The асана resistance, etc., is taken at 4 Ibs. per 
sq. ft. 


40 
The grade resistance "E = 22-4 Ibs. per ton. 
53-1 x 16-33) + (82 x 5-6 107-6 x 4 35-1 x 22-4 
eet қ ) ) + ( ) + (135-1 x 22-4) 
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(541 x 6-73) x (541 x 22-4) = 15759 Ibs. 
Total resistance of engine tender and train 4745 + 15759 = 


20504 lbs. 
20504 x 28 
Horse Power 3755 = 1530, 


At the lower speed 28 m.p.h. or 120 revs. —5 min. the H. P. 
per sq. ft. of heating surface is -74 and E = 2070 sq. ft. 


which approximates to the value ascertained above for the 
high speed on the level, 


BASIS CALCULATION FOR A GOODS LOCOMOTIVE. 


(Superheated Steam). 

Required duty— 

1180-7 tons at 28 m.p.h. on the level (45 Km. per hour). 
2 je 4, 15:53 „ оп а long grade of 1/100 (25 Km. 
рег hour). ; 

Limiting load per axle 15-75 tons (16 tonnes). 

A rough estimate indicates that 5 8 axles ate re- 
quired, and the available adhesive weight will thus be 15-75x 5 
=78-75 tons. A front carrying axle is provided for at 11-8 
tons. The total weight of engine is thus 90-5 tons. The 
tender is allowed for at 49 tons. The coupled wheels are 
taken at 55 in. (1400 m/m) and the piston stroke at 25-6 in. 
(650 m/m). m 

Resistances on the level at 28 m.p.h, :— 

Engine, coupled axles only, 20-24 Ibs. per ton. 

Engine carrying axle and tender 5-6 per ton. 

Atmospheric resistance, etc., 4 Ibs. per sq. ft. of frontage. 
(78:75 x 20-24) + (60-8 x 5-6) + (107-6 x 4) = 2378 Ibs. 

Lois e resistance is taken at 6-7 and 1180-7 x 6-7 = 
7920 Ibs, 

‘otal resistance of engine tender and train 2378 + 7920 
10298. 


. 10298 x 28 
Horse Power 3785 = 769 


At 28 m.p.h. the геуз. per min. of a 53-in. wheel are 168 
D H.P. per sq. ft. of heatingsurface (diagram page 113) 
s 0-73. 
769 
For 769 H.P. the required surface is therefore 74 == 1050 


Resistances on 1/100 at 15-53 m.p.h. 
Engine, coupled axles only, is taken at 20-24 Ibs. per ton. 
The engine carrying axle and tender taken at 5-6 lbs. 


per ton. 
The atmospheric resistance is taken at 1-7 Ibs. per sq. ft. 


40 i 
The grade resistance 2200. taken at 22-4 Ibs, per ton. 


(78-75 х 20-24) + (60-8 x 5-6) + (107-6 x 1-7) + (139-55 
х 22-4) = 5243 
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Train resistance is taken at 5-8 
(1180-7 x 5-8) + (1180-7 x 22-4) = 33400. 
Total resistance of engine tender and train. 
5243 + 33400 = 38643. 


43 x 15:53 
Horse Power 38613 x 1552 = 1600 


Cylinder diameter, On the grade of 1/100 the mean pressure 
is taken at 60% of the boiler pressure, #.е., 200 x `6 = 120 


р =A / 38643 X 53 _ 96.3 in. 


For 3-cylinders V 263 = 21} in. 

At a boiler pressure of 200 Ibs. and a speed of 15-53 m. p. h. 

1.е., een per min. the Н.Р. per sq. ft.( Table 113) is 0-7, 

and og = 2285 sq. ft. of heating surface and the super- 
2285 

heater surface 18.275 = 832. 


The heating surface is thus determined by the duty on the 
gradient. 
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LOCOMOTIVES SPECIALLY DESIGNED 
FOR SERVICE ON 
HEAVY GRADES OR MOUNTAIN 
RAILWAYS. 


The engines, with which this article deals, are those which 
have been specially constructed for work on grades having 
a greater inclination than т in 45. x 

Perhaps the earliest case in point, on record is that of 
the Semmering Railway in the Styrian Alps, with а 
mountain section of 26 miles, with an average rise of r in 47 
and a maximum grade of 1 in 40, and for working the с 
of which the locomotive builders of the period were invited 
to t forward engines for competitive tests. This contest 
took place in 1851, and its importance in locomotive history 
is second only to that of the “ Rainhill” trials of 1829. 
Reference here must be limited to one interesting fact, € 
that in this contest there were exemplified two systems ol 
8 design, still in use, the Engerth " and the“ Seraing.“ 

е latter, in a considerably modified form, has for its 
modern representative “the well-known “ Fairlie” engine. 

The following are the principal systems now in use :— 


MEYER SYSTEM. 


In the 1862 Exhibition (London), Meyer, of Vienna, first 
showed his designs for articulated locomotives of great power. 
ие of this t were built at Fives Lille in 1868, by 
М. М. Сай in 1870, at Chemnitz іп 1892. The boiler was of 
the ordinary “ locomotive type," and the wheels were 
arranged in groups in independent bogies. In the two-bogie 
type, the front bogie was “ free," carrying its load оп a centre 

ivot, and the hind bogie carried its load on side bearings of a 
mi-spherical shape. The “ КИзоп-Меуег” and the 
* Du quet-Meyer are modern examples of this system. 
It combines the ordinary boiler with two free bogies, each of 
which has two cylinders arranged at the Inner ends of their 
frames, $.е., at the centre of the engine. The Meyer engine has 
been built both as a ''Simple" and as a “ Compound.” 
In the original Meyer engines the tanks were carried on the 
bogies and the connection between the bogies was made by a 
draw-bar and buffers. In later engines the “ Fairlie’ cradle 
frame (carrying the boiler and tanks) was 5 In the 
De Bosquet- Meyer, tanks were carried on one of the bogies. 
А few examples are herewith given, vis. :— 
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“ KITSON-MEYER" ARTICULATED TANK 
LOCOMOTIVES. 


The loads (in 2240 Ibs. per ton) are exclusive of engine 
and at a speed of 10 m.p.h. 


Gauge. |Type.| Cylin- 8 5 Surface. | Water Coal. 2 2 
ders. ge | ° ° 
z Evap Super. | gals. |tons. = 
їп. ins. ins 


ج Qe‏ دن کا دا * 


Heating Tanks. 


2500 4 |8075 
1750 | 24 64-2 


171 

— | 0 

— | 3750 | 4% |85- 
1792| — |3100 | 4 |89-55 
6 |2-6-6-2 16 x20 39 1748 352 | 3000 4 (92-4 
6 |2-8-8-0| 149 x24 |48 |1901| — 2300 | 2% |101 


FAIRLIE SYSTEM. 


As already noted the main features of the Fairlie are to 
be found іп the Seraing” of 1851. It had the double 
boiler (fire-box at centre with barrels running fore arid aft), 
and the two free bogies, each with its two cylinders 
arranged at the outer ends of its frame. The Fairlie 
system came into use in 1865, end has hada aad fe considerable 
adop саа от both light 


bility of the steam and exhaust connections to the cylinders 
is attained, and in the mechanical arrangements by which 
the varous actions of the bogies are controlled. In one of 
* 35 tem, it is noteworthy 
— ры was d, and that ur one ot 

е ba was engines. some recent applica- 
tions, two ordinary boilers have been fitted instead of the 
double type. 


“ MODIFIED FAIRLIE” SYSTEM, 1 


The “ Modified Fairlie,” as its name implies, retains the 
characteristic features of the “ Fairlie,” viz, (1) the cradle 
frame carries the boiler and connects the two ‘bogies ; (2) the 
bogie P pivots are approximately at the centre of the bogie ; 
(3) the tanks are carried on the cradle frame. (4) Under 
conditions as to the amount of water and fuel in the tanks 
the weight on the axles is proportionately distributed, Inits 
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modified form, the cradle frame їз extended, the tanks and fuel 
bunker are placed fore and aft of the boiler and the wheel base 
has been increased, thus allowing for the boiler being much 
larger in diameter and with a larger grate area and makingit 
entirely accessible. Special attention has been given to an 
arrangement for control of the bogies to avoid unnecessary 
wear of tyre flanges on the curves, The engine is reported to 
be working successfully on the South African Railways, taking 
300 ft. reverse curves with ease and running through curves 
at 30 m.p.h. without oscillation, 


MALLET SYSTEM. 


This system, like its predecessors—the Meyer and the 
Fairlie—employs two groups of wheels. The rear set are 
arranged in the main framing, which carries the boiler, and 
the front set in a bogie framing, which is hinged or pivoted 
to the main frame. The engines аге compound,” two 
H.P. cylinders, situated on the main frame, actuating the 
rear set of wheels, and two L.P. cylinders, situated on the 
‘bogie frames, actuating the front set. The articulated 
steam pines. forming in this system the receiver between 

.P. and L.P. cylinders, are under L.P. steam pressure 
only. Mons, A, Mallet first published his scheme 1877, 
his French patent was taken out in 1884, and his first елше 
was built in 1887. Іп 4900 there were about 400 ines 
in service on the European continent, and to-day con- 
siderably more than 2,000 engines have been constructed, 
amongst the latter being the heaviest and most powerful 
engines in the world, 


GARRATT SYSTEM. 


Of recent introduction, this system is similar to the Meyer 
in respect of the boiler, and to the Fairlie in respect of the 
position of the cylinders. It differs from the latterin that the 
tanks are arranged on the bogies, and in the placing of the 
bogies much further apart, It gives greater freedom for the 
application on ire d ines of boilers of large diameter with 
wide and deep fireboxes. It has generally been constructed 
with four H.P. cylinders and has been reported to have given 
very satisfactory results at high speeds. The articulation is 
simple and there is no control gear. The boiler in its cradle- 
frame is suspended between the two bogies on seatings 
similar to that of an ordinary wagon bogie, except that the 
pivots are near the inner ends ot the bogies. On the South 
African Railways, locomotives on this system and of the 
undernoted dimensions are at work and are ron to 
have taken the loads (exclusive of the weight of engine) 
herewith stated, 


o 
Ез 
LÀ 
o 
ft. In. | ft. | | š 
cu T> 
2 0 |150|1in 332-6-6-2 


3 6 300 1 in 30 2-6-6-2 
з 6 |726 |l in oy 2-6-6-2 


10} x16) 30 | 980 | 44-75 | 150 
18 x26) 48 | 2554 | 133-75 | 400 
18 x26| 48 | 2554 | 133-75 |1800 


The 300-ft. curve is not compensated for curvature. 
The load is given in tons of 2,000 Ibs. 


FELL SYSTEM. 


By this system there is uired on the railway a third 
rail, a double-headed rail with its bearing faces in a 
vertical Hm and placed centrally between the ordinary 
rails. е engine has the usual set of adhesion wheels 
supplemented by a set of horizontal wheels, which are loaded 
by compressed springs and bear on both faces of the central 
rail. Two sets of engines are fitted, one (outside cylinders) 
for ordi: adhesion, and the other (inside cylinders) for 
the spring-loaded horizontal wheels, and these engines are 
arranged for independent or simultaneous working. 


HAGANS SYSTEM. 


Haswell's * Steyerdorf,” in the London Exhibition of 
1862, may be said to be the precursor of this system. In it 
the boiler rested on two coupled together by a pivot 
bolt. Two cylinders, located on the front bogie, served for 
the driving direct to the front group of wheels, and, 
through a Pius Fink radial parallel mo! , to the hind 
group also. In the Hagans system, the frame carrying 
the front жақсы wheels is rigid with the boiler, апа the 
hind group is in a truck frame. Two cylinders, as in the 
** Steyerdorf,” supply Та . They are located on the 
rigid frame, with t drive to the front group of wheels, 
and, through a compound lever (situate at the articulation 
of the framing), to the group on the bogie frame. The 
boiler is of the ordinary type. 


SHAY-GEARED SYSTEM. 


In this system two or three groups of wheels are employed. 
On the п frame are carried the boiler and a set of vertical 
engines, usually three-cylinder. The engines drive a donge 
t shaft, with flexible coupling at each frame - 
Чоп. The shaft carries bevel pinions gearing into the face 
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of each of the wheels. The engines are situate alongside 
the boiler, the latter being placed “off centre” of the 
engine sufficiently to balance the engine, or in some cases 
to suit the “loading gauge.” 


RACK RAILWAYS. 


On these railways the old system of the earliest days of 
the locomotive is revived. The object is the same, vis., 
increase of tractive power with minimum deadweight of 
engine, In modern applications the rack is placed centrally 
between the ordinary rails. There are several types in use, 
chiefly the Riggenbach " or ladder type and the “АМ” 
or tooth rack. Two or three rack bars, as may be necessary, 
are used in the Abt system, and the method of la: these, 
one in advance of the other, differentiates the position of 
the teeth and ensures smooth working. 


ABT COMBINED RACK AND ADHESION ENGINE. 


Various types of this engine are in successful service. 
It has two sets of engines. The inside cylinders supply the 
Power for working the rack pinions, and the outside cylinders 
act in the usual manner on the coupled wheels. Both sets 
can be worked simultaneously on ions requiring maximum 
tractive power, and the adhesion engine only can be used 
on the easier grades. 


PURE RACK ENGINE. 


This simpler type, dependent on rack working only, is 
used where the ruling grade is practically continuous for 
the entire length of the railway. Р 


EXAMPLES OF HEAVY GRADE WORKING. 


L—ADHESION ENGINES, ORDINARY ТҮРЕ. 


"2nd Ë | é$ PET: 
Ў | 28 Grade. | 5 33 | Cylinders. 2 8 š 5 
a 3 Р 
5 | ok | ы |9 Se 
ft. in. tt. n.. in. іп. іп. 
New South Wales Govt. Rys. 4 8}! — |rin4o | 4-6-0 |5 о (2) 20 x 26 1922 56˙75 
Austrian State R ys. 4 8% 600 ff in 40 |2-10-04. 9 (4) 149% K 24} x 281 2734/56 
South African Куз. 
(Cape Section)3 6 | 328 |гіп4о | 4-8-о |з 6}(2)17 x23 1000|45'1 
South African Rys. | 
(Natal Section)3 6 | 300 |r in зо | 4-8-0 |3 9$(2) 20} x 24 2228/68°75 
Darjeeling Ry. (Himalayas) .... я о | 70 128 | 0-4-0 |2 2 (2) 11 х14 355|1375 
Ар тА Ry. (Ottoman) .... 8$ 670 |r in 39 | 2-8-0 4 т (4) 20$ & 30} x 2439/1710) бі 
La Guaira & Caracas (V. enezuela) 3 о | 140 |r in 27 | 2-6-0/3 о (2) 154x20 872|33'75 
сава ои Ку. (Реги) 4 1 К2) 18 x24 1066) 45 
Landquart-Davos (Switz.) . 3 3 (2) 134X197 | 667| 30 
Madison & Indianapolis, U.S. 3 6 (2) 20x24 1378| 47 
Indian State Вуз. ........... 4 о (2) 18 x26 244 59 
Cantagallo Ry. (Brazil з 3 (2) 18 x20 
Mediterranean Ry. (Italy)...... 4 7$ (4) 314 & 314 261 1718 % 3 


E. — — 
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EXAMPLES OF HEAVY GRADE WORKING. 


IL—ADHESION ENGINES. SPECIAL TYPES. 


s 25 РЯ 3 2 8 
» 56 Grade | 29 Cylinders. ше 22 $5 dus 
8 Es. 35 EE 
—— ا ا‎ -- T 
ft, in. ft. In. in. in. in. 
“ Fairlie,” Mexican Ry. ......4 61 328 f in 25 o- 6-6-0 6 (4) 16 x22 1712| 924 | — | 175 
Do., Bolivian Ку. ......|2 6 | 230 [r in 35 6-02 6 |(4) 12} x 16 1046| 52 — — 
Nallet, ” St. Gothar Ry Ree Ve 4 8 983 1 in 37 4 о (4) 15} & 223 x 2511660 84 — | 200 
Do., Landquart-Davos Ку.3 3# 328 |t in 22°2 |0-4-4-0)3 3 |(4) 13 K 19.3 x 21'7 | 863| 40 — 70 
Do., Yverdon-St. Croix Куз 31 326 f in 22 з 34(4) п & 16} x 191 731| 34 — бо 
Do., Argentine С.М. Ry...|3 31 — |tingo з 71(4) 13 & 20K 211612 46 | 32 | 150 
d Meyer," Du Bosquet, Northern 
ol France 222483] — i in 83 4 91(4) 15} & 24} x 2612630 102 | — |1000 
| 
Fell,“ Rimutaka, New Zealand|3 6 | 330 |r in 15 ІН 5 "i Hx 974| 36 — 63 
'* Garratt,” Tasmanian Govt. ..2 o | 99 fin 25 2 7#(4) 11 & 17х16 628 335| — — 
“ Shay Geared,” дол! 
U.S.A. ....4 8$ 19: rin 16°6 Gear |(3) 12x10 — | 35 — — 
1:2 
Do,, St. Louis Exbn. 
1904 ...... 4 8% тоо |r in 16° 19:42 (3) 12х15 86 бс -- | 122 
п. 
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EXAMPLES OF HEAVY GRADE WORKING. 


HI. COMBINED RACK AND ADHESION ENGINES. 


141% Ë 4 Cylinders. 
| | 5 | Grade. | 5 5% | 1, d Е L 
! 
ó |5 ы | 92 | Adhesion. | Rack. 
ft. in.| ft. | ji in, ү 
Hartz Ry., Brunswick ......|4 5$ 656 rin 166 о-6-2 4 т |1777 * 23°62 11°82 х 23°62 
Da een Ауа Қ 2 6 410% in 16˙ 0-6-2 |2 7$ |13 x17} 11 хід} 
Benguella Ry., W. Africa ....|3 6 | 500|1in 10 | 0-6-2|3 4 |1713Х189 1713 pes 
. (H.P.) (L.P.) 
| Eisenerz-Yordernberg, Styria |4 8% 590 1 in raz] 0-6-2 3 5 18°89 x 19°68 | 16°54. X 17°71 
| Ocrtelsbruch ch „ Захе- 3 2 
| «4 8$) 492 |1 Ш 12°5 | 0-4-2 |2 11.81 x 1968 11°81х15°75 
Transandine R Ry. Argentine ` з 38) 330 1 in 12°5) 2-6-4 |2 m 15$ x19]. |15} x17} 
8 Ry., S witz. 3 31 202 fin 8 0-4-2 3 о [1256 x 1771 | 14°17 1771 
iakophto Ry., Greece .....<|2 5$] 164 [rin 6'9 | о-6-2 f 118 | 9°45 13°39) 8:66 x 19:69 
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EXAMPLES OF HEAVY GRADE WORKING. 


ГУ. RACK ENGINES, 


21% š | ssi 

% | Ё | Grade | Cylinders. |H. 8. š š 5 

a 

8 |6 e 

n. in. | ft. 

„ RI. ТО 18 8 "Ina тіп 145: IIE: ху 1167 | 40°3 67 
Padang R: ^ 3 6 492 | rin 12'5 17 X197 863 | 26°25 | бо 
Nova de 5 6 — 1 in 8 14$ * 191 624 29 45 
Montserrat Ry., 3 3 213 | in 66. 12 x22 355 | 17 24 
Rudesheim-Neiderwald, Germany ..... 113 3% | 984 | rins 122 X197 500 | 16°75 |1472 
Revatd Ry., France ................. 3 38 | 246 | in 4°76 | 12 x20 -- |17 10 
Generoso Ry., Switz. 2 79 | 197 | in 4'5 11'81 X21°65 344 | 145 
Pike's Peak, Colorado, U 14 8| 377 | ring 17 X20 — |238 18:2 
Ruthhorn Ry., Switz. .. 2 74 | 197 | ring 1r8r x21 65 | 400 | 175 |85 
Vitznau Righi, Switz. ........ 14-8 590 | ring | тоф „151 517 | 16 105 
Salzburg-Gaisberg, Aust: A 492 | ting |122 X19°7 678 | 23°84 | 1278 
Schafberg Ry., Austria ................../3 3 262 | in 39 -- — |173 то 


Lzı 
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BRITISH STANDARD SPECIFICATIONS. 
“Locomotive Material” Abstract. 


Tensile Elonga- 
STEEL, in Tons tion 
persq.in. percent, 
32 min. ..22 min. 
35-40 ..25-20 
30-55 .. 13-11 
56-62 --10-8 
63-69 10-8 
27 шах, 25 
в 25-32 -.27-20 
с do. Social without wearing 
F 32-37 ..25-20 
D do. special with wearing sur- 
face 05-66 неее 40-45 ..20-15 
Е do. Boiler parts ............ 26-32 ..28-22 
Steel castings with wearing surfaces .. 35 піп. ..10 min. 
Do. wheel centres and general ........ 26 2.15 
Boiler x өші and anglis ...;^..... 26-30 ..22 
Gener: Glas tence ses ses 28-32 ..20 
Rivet Bars „46060604 24-28 ..27 


A. Flat test-piece. 


For thicknesses under 1 inch, 2$ inch max. width, gauge 
length 8 inches. 


For thicknesses j-j inch, 2 inch max. width, gauge 
length 8 inches. 


For thicknesses over $ inch, 1} inch max. width, gauge 
length 8 inches. 


B. Round test-piece Gauge length not less than 8 times 


the diameter. 
X ДА — Area } $4. in. gauge * inches. 
yn ” ” ” ^" * ” 
Е. ” , » „ 3 „ 
Е. ss 2 Gauge length not less than 4 times 
the diameter. 


Tyres axles, straight axles, and forgings Test- pieces E or 
2 5. 


Steel castings .... 


Boiler plates, miscell. plates, copper plates $ А. 
8 ter „„ ppor pista 5 B. 


For full particulars of above tests see British Standard 
Specification, No. 24 (revised 1911): Materials used in the 
Construction of Railway Rolling Stock. 
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TRACTIVE POWER OF LOCOMOTIVES: 


The accompanying diagram, which was prepared from 
data furnished by the late Mr. H. A. Ivatt, locomotive 
Superintendent of the Great Northern Railway, shows 
Some interesting results in regard to the effective tractive 
Power of two different types of locomotives, as measured 
by the actual draw-bar pull. The general dimensions of 
the two engines were :— 


EXPRESS. 
Type.|Cylinders.| Drivers. | Adhesive Weight. Engine Weight. 
4-2-2) rg” x 26*| 7 74” | 17} tons 48 tons 11 cwt. 


0-8-0|192* 267% 4' 8° | 54 tons rz cwt. |54 tons rz cwt. 


The table under the diagram gives the draw-bar pull at 
various speeds and the diagram itself shows these in graphic 
form. 

Two further diagrams, on bases of the speeds referred to 
revolutions per minute of the drivers, on the following page, 
show the power “ characteristics.” The curves marked 
DT are in each case identical with that given in the 'Drawbar 
Pull diagram." The curve marked DHP shows, in horse-power, 
the values of these drawbar pulls at their respective speeds, 
by the formula TM 


The curve BHP shows the approximate boiler horse- 
Power, as found by the rates (+ 1095) given in Table XIII., 
for an assumed heating-surface of 1,270 sq. ft. for the 
" Express,” and 1,439 sq. ft. for the “ Mineral.” The curve 
BHT shows, as derived from the boller power, the tractive 
force at various speeds. 

F 


showing the 
DRAWBAR-PULL 


of two 
C. MH LOCOMOTIVES. 
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Speed:- Miles per hour. 


APPROXIMATE DRAWBAR PULL IN 
LBS, AT VARIOUS SPEEDS. 


Single Wheel. Eight-coupled 
Express Locomotive. Mineral Locomotive. 
ro miles per hour.. 8, 400 lbs.. 17,136 в. 
20 ә a „ OSS 1/2. ОДО 
зо » ” .. о РАР 4,816 ,, 
40 ” РА oe АО ы 5255 2,016 ,, 
50 = ^ ^ n.969 ам МЕЗ 224 „ 


бо ° — RÊ EEE = 
7° ” ” ә „ — 
8o „ = TOTER - 


go „ "» .. 4357 кс — 
тоо ” ” `". —— .... T 


бооо|_| | SH 

ER 288888885 E 

aooo | 1 I I I TI IST SE I 11200 
БЕ ЗЕ ЫЫЫ ш Ж йге шл ISCH 

2000|_| VarveRAL | | | | | 
441 


MILES . HR... 0 
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LAMINATED BEARING SPRINGS 
By T. H. SANDERS, M.I.Mech.E. 


Laminated ی‎ Formule for Design. (Semi-Elliptic) 
*L (inches) = length of back plate, с.с. eyes or bearings 


W(Tons) = „а maximum working load (one half BS 5. 
est А 
= number of plates of one thickness. 

b (inches) = w of —— 4-8 

м = ness of р дісі, е. =8. 
d Жы = deflection per to: = 
D (inches) = British Standard Test Detiection. 
T (inches) = British Standard Test. 


Thickness of thickest plate. 
* This length must be the straight uncambered length, and 
not the span as frequently A 


Deflection per ton, d — 


з © 
British Standard Test, D= —— 
900T 
0-088 x Nbt* 
Safe Working Load, W — LITE 
1! WL 
Trial Thicknesses, t* — = 
п 


Herein, the safe working load has been taken as one half 
the test load, or safe working deflection as one half the 
British Standard Test Defiection, that is, with a 8 
factor 2. For certain services it may be necessary to 
increase this factor, but it is rare to exceed 2-5. 

Springs with Bere of varying thicknesses are rendered 
easy of calculation by the coU version. of thick plates into 
terms of thin plates on the basis of t 

ta for normal thicknesses 2 аз = — 


“№” - 


64 | 125 | 216 | 343 | nn 512 — шт 1000 


near in a spring with one 4”, two %”, = a ғ 
rer ye us :— 


1@ = 612 
2 1 = 


2278 
= 0-5 М 
2278 216 or 10-5 plates 1 
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Length of Short Plate. 


This is the most important factor in the design when 
the plate section has been settled, and can be determined 
thus :—h= width of loop. 


Length of short plate, S 


L 
— + h (speared ends) 
n 
L 
Length of short plate, S = (square ends). 
n 
L 
In the latter case if — is less than h, the actual short 
n 
Plate length, for practical reasons, should be h + 2”, 
Weight of Springs. 


Approximate weight of Laminated Springs P (pounds) of 
normal design is given by formula. 


(L+S) xTotal thickness x b 
Weight in pounds, P = --------------- 


Conversion Table. 


Plate 1 % i й і % 1 


15-65 | 8-00] 4-60 | 2-90 | 1-95 | 1-40] 1:00 


Brinnell Tests. 

Carbon Spring Steel gives the following results:— 
As rolled—4-2 to 4-0 mm., 45 to 50 tons. 
Spring temper 3-5 to 3-2 mm., 66 to 79 tons. 
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Designing Hints. 


a. 


Springs of plates of uniform thickness are the only 
perfect type, both theoretically and practically. They 
reduce the number of sections to be stocked for repairs 


purposes. 

The ends a er plates should either be left square 
cut or spe (ta: in width). For springs with 
less than 3^ offset between plate and plate the former 
is recommended. 

The offsets of spring plates should be uniform through- 
out. 

Two, at the most three, full-length plates are sufficient 
practically for all types. 

Rib and groove steel is a qnod section, universal on the 
Continent. Studs and slits as side play checks are 
unnecessary on springs under 3' 0” long. 

All qualities and treatments of steels give the same 
deflection per ton, as the modulus of elasticity (E) 
remains constant. 

If the spring be correctly designed, ordinary water 
hardening carbon steel will be found quite satisfactory. 


In designing centre fastenings, never employ an upward 
nib. he most efficient of the centre fastenings in 
general use is the downward nib. Relative efficiencies 


аге as follows, compared with solid plate:— + 

Solid plate З 25 .. 100 

*Side flat 5% 5% .. 195 
Downward nib .. = S». wee 
Side notch 2% 55 х 80 
Cotter hole 2% ES s^ E20; 9 
Round hole 59 v apu JO 
Upward nib 2% 22 = 1660796 


* Patents of Brown, Bayley's Steel Works, Ltd., Sheffield 
and Wm. Griffiths & Son, Ltd., Sheffield. 


Every endeavour should be made to avoid the use of 
welded back or top plates. These are more expensive 
and obviously more liable to failure than non-welded 
backs, of the plain, jumped, or rolled-eye patterns. 


In designing band loops, if at all possible, arrange for 
them to be of the same thickness on all the four sides. 


Steel hoops, machined from the solid block, and there- 
fore non-welded, are now nearly universal in British 
and Continental locomotive practice. 


In specifying the testing of completed springs, adhere to 
the requirements of the British Standard Specification. 
This is now adopted as a rule of testing by all leading 
spring makers and railway engineers, and has proved 
agreeable from both points of view. 
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Resiliency of гун не 

The developed plan of the theoretically perfect spring is 
a rhombus, one axis of which is equal to the straight length 
of the spring, centre to centre, and the other axis of which 
is equal to bn,“ the number of plates of one thickness 
multiplied by the width of one plate. 

The resiliency of a spring is amount of work absorbed 
over a definite range, for each unit weight of the spring. 
Taking units as pounds and inches, the work absorbed over a 
given deflection (say the D of the British Standard Test) is 
D” x W (pounds, the weight required to produce this deflec- 
tion) + 2. A standard R. С. Н. 14-plate buffing spring 
Should deflect 10” for a load of 6] tons (14,560 Ibs.). The 
Standard Test is 11”, or 7-1 tons. The work done on this 
deflection is therefore 11 x 15,900 +2=87,500 inch-pounds. 
The weight of the spring without the hoop is about 204 
lbs. which gives a resiliency figure of 364. 

The resiliency of all theoretically perfect spri of the 
Shape and dimensions given in the first paragraph is a con- 
Stant, and at the British Standard Test Deflection is 395, 
inch Ibs. per pound weight. Comparison of actual design 
with this, gives an idea of the efficiency of the type. For 
instance, the standard buffing spring referred to has an 
efficiency of 92 per cent. This is rendered possible by its 

enerally simple design, but it is not easy to get a better 

gure than 75 per cent. for locomotive springs. Much room 
for improvement is possible in usual designs, however, which 
not uncommonly give no better figure than 55 per cent. It 
is clear that the resiliency efficiency turns upon all material 
in the spring being uniformly stressed, which is not the case 
when plates of varying thicknesses are employed, as the 
thickest plate provides the testing limit. 


Skin Stress, 
The skin stress per square.inch attained by the В. S. 
Test Deflection is as follows :— 
Based on fibre extension Ss tons. 
Based on weight carrying ae 08 7-2 
As the elastic limit of ordinary spring steel when treated is 
only about 55 tons, the above figures, which are based on 
Standard formula, would appear to require investigation. 
Tables giving deflections per ton of one plate of given width, 
thickness and length are set forth in The Railway and Wagon 
Builder's Pocket Book. 


AXLE JOURNALS. 

The load, in pounds, resting on the journal, stated as 
Pounds per square inch of projected area (diameter x length) 
FFF i 

u eS 3203 58 per sq. in, 
Bogle ” .. .. o sss. 1480 м ” ” 
VTV 
tables contain some exam rom nes 
and tenders in service — 2а 
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RITISH RAILW. 
JOURNALS OF AXLES FOR COUPLED WHEELS, 


Projected 
Journal. ` Area. Load. 
рау ee Fai ea ET 
Coup! Dia. x tal Lbs. рег 
Cylinders. Wheels. | Leng pede Sq. Ins. Lbs sq. in. 
17 x22 50 7x9 63 13,220 210 
19 x26 68 74x 7 525 6 t 
18 x26 73 74x 84 63-75 15,620 245 
184 x 26 63 74x 9 67-5 | 18, 
18 x26 75% 8 x 7} 60 13,440 224 
18 x26 54 8 x 71 62 15,400 250 
18 x26 554 8x8 64 16,000 250 
194 x26 72 8 x 8} 68 13,600 200 
21 x26 56 8 x 9 72 15, 220 
20 x26 78 вх 99 18,414 186 
19 х26 69 Біх 8} 72-25 18,062 250 
21 x28 56 8х 9 76-5 16,371 214 
I: 60 x10 85 17,000 200 
(3) 153 x26 82 9 x10 90 18, 200 
68 94x11 104-5 17,765 170 


— GENERAL PRACTK CE. 
JOURNALS OF AXLES FOR COUPLED WHEELS. 


Projected 
Journal. Area. Load. 


Coupled | Dia. x Total Lbs. ре 
Cylinders, Wheels | Length. Sq. Ins. | Lbs. sq. in. 


11 x18 42 5 x 6 32-5 6,727 207 
12 x16 30 54x 6 37 7,234 195 
134 x 16 30 54x 7 38-5 6,160 160 
164 x 22 42 6х7 42-0 11,200 266 
16 x20 42 6x74 450 10,080 224 
16} x 22 57 6{х 8 50-0 8,950 179 
18 х22 42 7х8 56-0 11,760 210 
16 х24 49 7х9 63-0 13,860 220 
17 х22 48 74x 9 65-25 12,388 190 
22 х26 51 74x10} 743 14,560 196 
19 х26 554 74x 9 67-5 11,760 174 
20 x26 74x 9 69-75 13,950 200 
193х253 69 74x10} 80-7 14,560 180 
22 x 56 8 x 15,120 210 
23} x 25 56 8x 9j 81-45 15,120 185 
19 х 26 60 Bi x10 16,800 197 
25 X251 76 | Six 94 826 15,120 183 
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TRAILING TRUCK AXLE JOURNALS. 


BOGIE AXLE JOURNALS. 


| Journal. шіден | 
а. 


Dia. x Length. 54 Ins. |T 


TENDER AXLE JOURNALS. 


Journal. Projected 
Area. 
Dia. x Length. Sq. Ins. | Total Lbs. 
3x 8 25 
4xs 32 
4x9 36 
4x 9 40-5 
5} x 9 48-7 
53x 9 47-25 
54x10 55 
7 х12 84 
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PISTON RODS. 


Piston rods are usually made of steel (“ Class D” British 
Standard Specification, Report No. 24, Specification 8) having 
a tensile breaking strength of 40 to 45 tons per square inch ; 
with 25 to 20 per cent. elongation, and a yield point of not 
less than 50 per cent. of the ultimate tensile strength. 

Representative figures for the tapers of the joints to the 
piston and crosshead may be taken as 1 in 6 and 1 in 12 
respectively, but there is a very great variation in general 
practice, viz.: at the piston 1:3, 1: 4, etc., 1: 3, 1: 4. 1:5, 
hee and 1:8, and at the crosshead 1:12, 1: 16, 1:20 and 
1:24. 

To allow for subsequent re-machining to take up wear, 
which tends to make the rod oval, and also fora liberal work- 
ing surface on the rod and in the cylinder glands, the diameter 
of the rod is greater than is otherwise necessary; the stress 
due to the piston load at the boiler working pressure being 
usually under 3 tons per sq. in. of the area. The strength 
at the screw and nut attachment to the piston, at the cotter 
hole at the crosshead attachment, and at the cotteris usually 
taken at a maximum of 5 tons per sq. in. 

The table on the following page gives some examples trom 
rods in service. The area of the screw, as stated, is the area 
due to the diameter at the bottom of the thread. The area 
at the cone is the minimum area at the cotter hole, and the 
area of the cotter is that of a cotter with half-round ends 
(in double shear). 


CRANK PINS. 


Crank pins are usually made of open hearth acid steel 
(British Standard сре аа Report No. 24, Specification 
No. 8, Class C), having a tensile strength of 32 to 38 tons per 
sq. in., with 25 to 27 per cent. elongation and a yield point of 
not less than 50 per cent. of the ultimate tensile strength. 

The part fitting into the wheels may be finished parallel in 
diameter, but in general practice it is tapered 1 in 50. 

The hydraulic pressure for forcing the pin into its seat is 
about 8 tons per inch of diameter. 

Pins suitable for rods with adjustable bushes have solid 
collars at their outer end ; for with solid circular bushes 
the end of the crank pin is fitted with a nut, secured by a 
taper m (with the head of the pin pointing to the centre of 


In practice, the load per sq. in. of the projected area of the 
main crank pin (connecting rod bearing) varies between 
1,300 Ibs. in the smaller bearings, and 2,000 Ibs. in the larger ; 
the total load being taken as the piston load at full boiler 
pressure. Instances will be found in the accompanying 
table, in which the latter figure is exceeded. 

The table on page 140 is compiled from particulars of engines 
in service, and gives, in addition to the sizes of the main, 
bearing, the sizes also of the bearings for the coupline rods on 
the main crank pin and on those of the other wheels, It will 
te noted that the examples cover 4, 6 and 8 coupled engines. 
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Screw. 
Area. Lbs. per 
sq. in. sq. in. 
2.51 5,700 
2-51 8.100 
1:66 11,000 
1:99 10,790 
3.53 9,000 
3.27 9,540 
6-49 5,600 
5-06 8,700 
5-07 9,600 
624 7,500 
6:51 8,250 
5:55 9,600 
611 9,450 
5:55 11,300 
6-65 10,600 
7:23 11,600 


Агеа ай 
Cotter Lbs. per 


Hole. sq. in. 
sq. in. 
1-75 8,250 
1-39 14,600 
2-4 9,900 
369 6,000 
3:2 9,910 
$91 8 
6-04 6,000 
98 11,400 
2-48 19,500 
4:88 9,600 
4:86 11,060 
5-04 11,450 
50 10,507 
3-4 21,030 
6-99 11,900 


COTTER. 


Section. 


Lbs, per 


sq. in. 

1} * 9,800 
18x 13,400 
2x 12,600 
pu 27,000 
x 11,300 

2% х 12,500 
х 11,600 
aux 18,600 
2х 23,000 
21x 11,200 
8 x 11,700 
3x1 9,530 
3x 13,700 
24x1 14,600 
21 x1 16,700 


Nore.—In the examples here given, 6 threads 


to 34 outside dia, 


or the 


perinch is common m the majority of the screws from I dia. 
tis remsioder practice varies from 3} to 10. 
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CRANK E 1 — CROSSHEAD PINS. 


Wheels. Driving Driving Inter. Hind. 
Con. Rod |Coup. Rod. 

dia, Е Pii d. xi d. хі. 

Inches. d Inches. Inches, 
26 2; — — 
30 3 3 x2 — 
34 3 31 x3 31 x3 
57 4 5 — 3} x2 
42 3 — 3}x2 
57 4 4 — х2 
54 4 — 3 x4 
42 4 4 x3 4 x3 
55 5х 4 x3 31 x3 
69 6 —- 6 x3 
69} 5 — 34x3 
51 5 x4} x3 
68 3} x3: - х4 
48 3x3 5 x4 4x3 
56 3i x3 5} x3} 5ix3 
56 x 4 x5 4{х3 
81 3j x3 — — 
7 31 x3 — 54 x3} 
56 31 x3. 5) x4 5i x3 
$1 4x 4x5 44x4 
60 $i 43 ei 43 n d 38 x34 » x4 
52 x x x x x5 
69. a2 6%х5ф | ix — iul 


obı 
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WHEEL BALANCE-WEIGHT CALCULATIONS, 


Forms are given herewith for general reference in calcu- 
lations of Balance-weights on the wheels of locomotive 
engines. 

Revolving Parts. The weight of all revolving parts should 
be саларын іп the wheels, respectively, on which these parts 
are hung. 

Ако айы Parts. The weight of the карган 
Parts is divided for balancing purposes over all the couple 
wheels, but not necessarily in equal quantities. The proportion 
of total weight of these parts is usually arbitrarily selected at 
from 40 to 66%. On heavy narrow gauge engines 80% has 
been found experimentally to give the best result. 


Wp 
Primary and Secondary Balance-Weights, The use of these 
terms is relative to the adjustment of the amount Sna porton 
of the balance-weight so as to include transverse ancing. 
For example, Fig. 1 herewith shows the driving wheels for an 
outside cylinder engine. The weight W” in lbs, repre- 
senting t of, say, the connecting rod on the left-hand 
crank-pin has an overhang from the centre of the rail of “ a 
inches and requires for cross balance a secondary weight 
Ws to be placed in the right hand wheel. If the distance of 
the centre of the weight Ws from the centre of the L.H. rail 


is “ b” inches, then W XÊ = Ws and the primary weight 
Wp on the L.H. wheel will be W+ Ws. E 
he secondary weight Ws, as here determined, has a position 
on the К.Н. wheel ctly opposite to the L.H. crank and, 
therefore, at a right angle to the crank on that wheel, but it 
will be evident that a similar secondary 8 will be required 
on the L. H. wheel (at a right - angle to L. H. crank) to 
balance the R. H. connecting rod. 
(In the “ forms it will be noted that the moments of the 
weights are taken round the centre of the balance-weight and 
not of the rail as in the above example.) 
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FORM OF BALANCE WEIGHT 
CALCULATION. 


Leta = 55 between Centres of Gravity of Balauce 
eights. 
Ъ distance between Coupling Rod Centre and Far 
Balance Weights. 
с = distance between Connecting Rod Centre and Far 
Balance Weights 

Wr = Weight of Crank "Ad with included part of Crank 
Pin acting at distance a. 

W2 = Weight of revolvi ving — f.e., part of Coupling 
Rod with included part of Crank Pin acting at 
distance b. 

Ws = Weight of revolvin, ing masses, $.е., half Connectin, 

with included part of Crank Pin and C 
Arms at distance c. 

W4 = we ht of reci pone masses to be balanced in 

wheel ar acting at distance с, in all cases. 

Wr = Prim balance weights. 


Ws = Secon: ” ” 
С = Combin: ” ” 
DRIVING WHEELS. 
Wrı = Wr WSI = Wr4—W4 
Wr2 = Wa—- We = Wr3 = ads ЗАМ IS 
outers Ws = Wsz + Ws3 + Ws4 
3 C= У OWENS 


Ws3 = Was; Ws - tan. of ап е 
Wri = W — = of convergence $ 
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LEADING OR TRAILING WHEELS. 


Wrı = Wı x We = Wri + Wr2 + Wr4 
wara wa Ws = Ws2 + Ws4 

Ws2 = Wr2— Wa C = V (We) + (W9* 
Wr4 = | as found for | Ws (ап. of angle 

Ws; =} driving wheels. | Wr of divergence & 


Norz.—All Im gm are taken at Crank Pin radius, $.e., inch 
unds, and are to be reduced in ratio according to 
lancing moment of crescent found. 


FORM OF BALANCE WEIGHT 
CALCULATION (Outside Cranks). 


Let a = distance between Centres of Gravity of Balance 
Weight. * 
b = distance between Coupling Rod Centre and Far 
Balance Weight. 


c = distance between Connecting Rod Centre and 
Far Balance Weight. 
4 = distance between Crank Arm Centre and Far 
Balance Weight. 
Wı = Weight of Crank Arm acting at distance d and 
balanced by tail on Crank. 
W2= көк of revol masses, 4.е., part of Coupling 


with inclu part of Crank Pin acting at 
distance 6. 
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Let W3a= Weight of revolving masses, $.e., part of Connec- 
ting with incl; Sed of Crank Pin acting at 
distance ¢ and balanced by tail on Crank. 


МотЕ.— Мо part of e Rod or Pin should be balanced 
by tail on crank, but as much as possible of half 
the Connecting Rod and Pin. 


Let W3 = Weight of revolving masses, $.е., half Connec- 
ting Rod (less W3A) with included part of Crank 
Pin acting at distance c. 


W4 = Weight of reciprocating masses to be balanced in 
each wheel and acting at distance с in all cases. 


Wr = Primary balance weights 
Ws = Secondary „ — 
С Combined - б 


DRIVING WHEELS (with tail on Crank) 


Wrı = Wr = Wrs = Wa 

Wra = Wa Wes = Wr4— W4 

Ws2 = Wp2 — Wa We = Wr2 + WP3 Wr 

МУРЗА = W3A > Ws = Wsa + Ws3A + Ws3 + 
54 

= Wr3A— W: 

iu بے‎ аса C= 4 (Wry? (WS 

Wrs = OT Ws tan. of angle 

Ws3 = Wr3— Ws Wr = of divergence & 


LEADING OR TRAILING WHEELS. 
(No tail on Crank.) 
d ws = Wr4— W. 


Wr = МР: + Wr2 + Wr; 
Ws = Wsi + Ws2 + Ws 


b 
Wea a C = V (Wp)? + (Ws)? 


Ws tan of angle 
Wr of divergence $ 
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FORM OF BALANCE WEIGHT 
CALCULATION. 


Leta = ace between Centres of Gravity of Balance 
eights. 
b = distance between Coupling Rod Centre and Far 
Balance Weights. 
с = distance between Connecting Rod Centre and Far 
Balance Weights. 
Wı = Weight of Crank arm with included part of Crank 
Pin acting at distance a. 
Wa = Wefght o арр masses, f.e., part of Coupling 
with included part of Crank Pin acting at 
distance b. x 
Ws = Weight of revolving masses, і.е., half Connecting 
Rod with included part of Crank Pin acting at 
distance c. z 
W4 = Weight of reciprocating masses to Ье balanced їп 
each wheel and acting at distance с in all cases. 
Wr = тару balance weights. 
_ Ws = Secon: — 
С = Combined ,, 


„ 


DRIVING WHEELS. 


Мр = W: Ws4 = Wr4— W4 
Wr2 = Wa me Wr = Wrı + Wre2 + МУР; + 
а Wr, 


Ws2 = Wra— W2 Ws = Ws2+ Ws3+ Ws4 


с к 
Wr3 = W3 UA C = ¥ (Wr)*-(Ws)? 
Ws3 = Wrs — W3 Ws tan. of angle 
Wr, = W. Wr of divergence 2 
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LEADING OR TRAILING WHEELS. 


Wer = Wi 5 Wr = Wrı + Wr2 — Wr 
\МУР2 = W2 LS hes € VAI ETÀ — 

= (Wr)? + (Ws)? 
Wsa = Wra— W2 Ws _ tan. of angle of diver- 
Wry = | same as for Wr ~ gence as for outside 
WSI =} driving wheels. cylinder Engines. 


Коте.-АП inu ir аге taken at Crank Pin radius, i. e., inch 
pu and are to be reduced in ratio according to 
lancing moment of crescent found. 


FORM OF BALANCE WEIGHT 
CALCULATION. 
FOUR-CYLINDER ENGINES (on one axle) 


Let a — distance between Centres of Gravity of Balance 
Weights. 


b — distance between Coupling Rod Centres and Far 
Balance Weights. 


c — distance between Inside Con. Rod Centres and 
Far Balance Weights. 


d — distance between Outside Con. Rod Centres and 
Far Balance Weights. 


Wr = Weight of Crank Arm with included part of Crank 
Pin acting at distance a. 
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W2 = Weight of revolving 


e., of Coupling 


masses 
with included part of Crank pin acting at 


distance 6. 


W3 = Weight of revolving masses, 4.е., half Inside Con. 
Rod with included part of Crank Pin and Crank 


Arms at distance с. 


W4 = Weight of Inside reciprocating masses to be 
anced in each wheel and acting at distance c in 


all cases. 


Ws = Weight of revolvin; 


masses, i. e., half Outside 


Con. Rod with included part of Crank Pin acting 


at distance d. 


W6 — Weight of Outside reciprocating masses to be 
a in each wheel and acting at distance d in 


cases. 


Wr = Primary balance weights. 


Ws 
с 


бесопдагу „ 
Combined ,, 


” 


DRIVING WHEELS. 


Wrı = Wi | 
Wr= wa | 
Ws2 = Wr2— Wa 
Wrz = W3 — | 
Ws3 = Wr3— W3 | 
Wr = W. | 
WSI = We4— W. 

Wes = Ws 2a 


Wss = Wrs— Ws 

Wr6 = We 

Ws6 = Wr6— W6 

We = WPI + We2 + We5+ 

рб — Wr3 — Wr4 

Ws = Ws2 + Ws3 + Ws4+ 
Wss + Ws6 

С =М (We)? + Ws)? 

Ws tan. of angle 


Wr = of divergence & 


LEADING OR TRAILING WHEELS. 


Ур = Wr Ë 

Wr = W 

Ws2= Wp2 — Wa 

КЛ 

Ы кыча. 
wheels. 

Ws6 


We = Wrı + Wr2 +WP6— 
P. 
Ws = Ws2 + Ws + Ws6 


С —4/ (Wp)? + (Ws)? 

Ws _ tan. of angle of diver- 

Wr = gence as for outside 
cylinder Engines. 
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FORM OF BALANCE WEIGHT 
CALCULATION. 


FOUR-CYLINDER ENGINES 
(on separate axles.) 


The calculations are made as for independent Inside and 
Outside cylinder Engines except that the Primary and 
Secondary weights are summed up as follows :— 


INSIDE DRIVING OUTSIDE DRIVING 
WHEELS. WHEELS. 


Wr = УР! + Wr? — Werz, We = Wer + Wr2 + Wr3 + 


=W w w Урф — Wr4* 
Ws „ Ws = Ws2 + Ws3 + Ws4 
C =V Wee + We) С = УС: + (Ws 
Ws? tan. of angle Ws tan. of angle 
Wr = of divergence à Wr = of divergence & 


Nore.—WP4? is the primary for inside reciprocating masses 
and, as shown, is used as a negative quantity in outside 
calculation. This introduces a slight additional stress 
on Coupling Rod, which can only be avoided by treating 
the Inside and Outside masses as entirely in LS em 
and = ee using the maximum amount of ce 
weight. 


GRAPHIC SOLUTION OF BALANCE 
WEIGHT CALCULATION. 


The calculations solved arithmetically in the forms given 


on other pages may be checked by a graphic construction 
as follows :— 


1.—Let a, b and c represent the distances already given. 
en, if the length a is taken to represent to any scale 
of pounds the weights Wr, W2, W3 and W4 alternately, 
the corresponding primary weights, Wrı, Wr2, WP3 
and Wp, will be represented to the same scale of pounds 
by the lengths of a, b and c respectively. The secondary 
weights are represented by the amounts these 
are longer or shorter than a. 


(Nore.—When a primary weight equals a, no secondary 
is required.) 
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2.—With the various primary and secondary weights lay off 
a triangle as shown below. 


Then the length d represents the Combined balance 
weight required, and as indicated is the graphic solution 
of the formula noted, while the angle Фів obtained 
direct without the necessity of consulting a table of 
tangents, etc. 


Nore.—For inside cylinder engines the various subtrac- 
tions of negative weights orlengths must be made before 
the line d is drawn to close the triangle. 


3.—The scale of pounds may be drawn on a piece of tracing 
cloth in the form here given. 


NZ > 


The point x may be anywhere in relation to the scale 
divisions. The horizontal lines must be parallel. 

The divisions of the scale may be subdivided according 
to range of scale adopted. 
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Example showing application of Wheel-balancing Form for 
OUTSIDE CYLINDER LOCOMOTIVE. 
4-6-0 Type locomotive with 214”x26” cylinders and 747 
coupled wheels. 
Bogie. Leading: Driving. Trailing. Total. 
Weights in Working 
Order .. tons. 21-55 17-2 17-2 17-2 73-15 


WEIGHTS OF REVOLVING PARTS (one side of engine). 


Ldg. Driv. Trg. 
Crank-pin boss дол pato of ра - Ibs. 177 290-5 177 


Coupling-rod eye an part of rod. „ 118 282 118 
Crank-pin (part of). 35 45-5 35 
Connecting-rod, big end E ae D 40 ^ 

Part of connecting-rod body = 347 

Ecc. crank and part of ecc. crank- -pin E 53 


All revolving weights are to be balanced where they occur 
on each w А 


WEIGHT OF RECIPROCATING PARTS. 
Connecting-rod (small end and part of ing link and pin) lbs. 181 
Crosshead complete with arm, connecting 

part of combination-lever . 310 
Piston with rings апа piston-rod, complete = 


Total , 993 

Two-thirds (2/3) of ewe ehe agp iN or 662 Ibs. of the recipro- 

prone, reru are to be bı balance weights may be 

distributed in any —— proportion over the three wheels. 

An equal allocation is here arranged for, vis.: 221 lbs. on 
each wheel. 


PRIMARY AND SECONDARY BALANCE WEIGHTS 
DRIVING WHEEL. 


W = ыа. en: of parts to be balanced=1058+ 221 
ре ae 
Wp, = W, x = 2905 x га = 2916 
Wp, = W, х be 282+ (45-5) х 70.28 = 3548. 
Wp, = W, x = (4043474221) x 50 = 680-9 
Wie W. x= 88 K IE = 643 


a 70-25 
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5-3 BETWEEN TYRES 


“221-608, 


75 


d= 5 10м" (70-5625) 


. 


PLING |R00— 


INK. 


CTINC-ROD & RECIPROCATING. 


ECCENTRIC CRA 


=, =6-8% (60-875) - | 
e- 7-0A'(84-875) 


7 
S 
КД 
N 
Сои 


Ws; = Wp, — W, = 291-6 — 290-5 = I4 

Ws, = Wp, — Wi = 354-8 — (282+45-5) = 27-3 

Ws; = Wps — Ws = 699-9 — (40453475221) = 919 

Ws, = Wp, — W. = 64-3 — 53 = 113 

Ws = 1316 

or тыйы 

(290 x 70-5625) + (327-5 x 76-1254 (608 x 80-875) 

Np > 70-25 


= 1410. 
Ws = Wp — W = 1410-6 — 1279 = 1316 


COMBINATION OF PRIMARY AND SECONDARY 
BALANCE WEIGHTS. 


Resultant = V Wp?-++ Ws?= 4/ 1410-61 131-6? 
=1416-7 Ibs. 
The а on which this weight revolves is at 13 inches 
radius from centre of the wheel and thus the Moment of 
Balance Weight required is 1416-7 x 13— 18,417 inch Ibs. 
The angle of the Balance weight= 


0-6 
131.8 = 1 in 10-7 or 5° approx. 
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CRESCENT BALANCE-WEIGHT ON DRIVING WHEEL. 


Versed sine DE = 10}. Versed sine DB = 19}. 

Radius R = 464°; dia. = 93”. Radius г = 3217; dia. 65”. 
T Distance a — 22-25. 

Forx 93 0-17 the value of у із 0-051446 (see table). 


Area of small segment = 93? x 0-051446 —445 sq. ins. 
Balancing moment = 445 x a = 445 x 22-25—9901. 
Balancing moment in inch Ibs. (at 0-283 Ibs. per cubic inch) 
and a thickness of seven inches (7*)=9901 х7 x :283— 
19600. 2 5 
Рогх = ne value of у is 0-196337 (see table). 
Area of large segment = 652 x 0-196337 —829:5 sq. ins. 
Area of Crescent = 829-5 — 445 = 384-5 sq ins. 
Distance of centre of gravity of Crescent from centre of wheel 
9901 
= 384-5 = 25-72 ins. 
19600 
Weight of Crescent and Spokes= 2572 = 762 lbs. 
— Spokes 44-4 Ibs, 
> Balancing Crescent =762—44-4=717-6 lbs. 
omnt of Balancing Crescent =717-6 x25-72— 18455 inch 
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PRIMARY AND SECONDARY BALANCE WEIGHTS 
LEADING AND TRAILING COUPLED WHEELS. 


5-3 BETWEEN TYRES 


4-5:-0ж (70-3125) 


— b=6-376'(75-875) 


c = 6-85 (80-62 5) 


- 


W = Total weight of parts to be balanced 330+221= 
551 Ibs. 


Wp = Primary Balance-weight = + Wps+ Wps. 
Ws = ar Balanco weight = Ws PWs t Wss. 
“31 
Wp, = W, = 177 X LIS Е: = 178-4 
oF 
Wp, = WX = (118+ 35) x 69-75 = 166-4 
c 80-625 
Wp, = WX A 221 * 69.75 == 255-5 
Wp = 6003 
Ws, =Wp,—W = 178-4—177 = 14 
W: —Wp,—W;-—166-4—1(188-- 35) = 13-4 
Ws, = Wp,—W, =255-5—221 = 345 
Ws = 49-3 


177 x 70-3125) + (153 x 75-875) + (221 x 80-625 
с + (153 75-875) + ( ) 


= 600-3 Ibs. 
ог Ws=Wp—W=600-3—551=49-3 Ibs. 
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COMBINATION OF PRIMARY AND SECONDARY 
WEIGHTS. 


Resultant = V Wp®+ WSI 4/ 600-324 49-3*—602-3 Ibs. 

The crank pin on which the parts revolve is 13 inches from the 

centre of the wheel and thus the Moment of Balance-weight 
required is 602-3 x 13—7830 inch Ibs. 

The angle of the Balance-weight= 


600-3 _ 5 ө 
TY 1 in 12-2 or 6* approx. 


CRESCENT BALANCE WEIGHT ON LEADING AND 
TRAILING WHEELS. 


Versed sine DE — 6*. Versed sine DB — 11* 
Radius К = 52}; Dia.—105. Radius r = 32] ; Dia. = 65. 
Distance a = 25". 


6 
Forx = 105 = -057 the value of y is 0-017831 (see table). 
Area of small segment = 105? x 0۰017831 = 196-556 sq. ins. 
Balancing moment = 196-586 x a = 196-586 x 25— 4914-65, 
2 = in inch Ibs. (at 0-283 Ibs. per cu. in.) and a 
thickness of 61 inches = 4914-65 x 6-25 x 0-283=8692-78 


11 
For x = 65 = 0-169 the value of y is 0-087785 (see table). 
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Area of large segment = 65? x 0-087785 —370-891 sq. ins. 
Area of Crescent = 370-891— 196-586 = 174-305 sq. ins. 
Distance of centre of gravity of Crescent from centre of wheel 


4-65 
174505 = 28194. 
Weight of Crescent and Spokes = 869278 = 308 Ibs. 
„ Spokes = ” 
> Balancing Crescent 279 as 


Moment of Balancing Crescent =279 x 28-194 —7866 inch Ibs. 


VARIATION OF PRESSURE ON RAIL (“ Dalby ”). 


= Mass, in lbs. of Reciprocating parts per cylinder. 

= Revs, per second. 

= Radius in feet of crank. 

Proportion of weight of reciprocating weights balanced. 


Number of wheels on which the reciprocating weights 
are distributed. 


Variation of pressure on rail in Ibs. 
1-38 Mn®r x Q 


< OO 7 K 
lI 


Ш 


For two cylinder, outside type У = С 
EJ ĉr 

For two cylinder, inside type V —— MEX 

EXAMPLE. 


For the two cylinder outside type dealt with above 
= 2/3 and C — 3. 


= 2r 
ا‎ 1-38 Ма: х2/3 = 531 Маз. 
For М = 993. 
апа п = 4 (corresponding to 52-8 m.p.h. for 74” wheel). 
and г = 13/12 = 1-08, 
У = 31 Mn?r— +31 x993 x 42 х 1-08=5320 lbs. 
2-19 tons. 


The load per axle is 17-2 tons or 8-6 tons per wheel. 
At 52-8-m.p.h. the maximum load per wheel = 8-64 2-37 = 
10:97 tons. 
At 52-8 m.p.h. the maximum load per axle = 21-94 tons. 
At sit m.p.h, the minimum load per wheel = 8-6 — 2-37= 
:23 tons. 
At 52-8 m.p.h. the minimum load per axle = 12-46 tons. 
For 60 and 65 m.p.h. the variation will amount respectively 
to 6870 Ibs, (3-06 tons) and 8075 Ibs. (3-6 tons) per whecl. 
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AREA AND BALANCING MOMENT ОЕ CRESCENTS 


Area of Crescent ABCE A = Area of Segment ABC DA — 
Area of Segment AEC DA 


Balancing Moment of Crescent = Its area X distance of its 
Centre of 1 о. 
= Area of Segment AEC DA 

X distance a. 
Nore.—This geometrical equivalent is exact and is to be 
used in preference to any trial and error method of 


suspension of templets. 2 
Balancing Moment of Crescent _ distance of its Centre 
Area of Crescent of Gravity from O. 

CENTRE OF GRAVITY OF A SEGMENT. 
Chord* 


Distance of Centre of Gravity from Centre = т, Area 
CENTRIFUGAL FORCE. 

weight in lbs. 

radius in inches. 

diameter of wheel in inches. 


speed in m 


centrifugal face in lbs. й 
= 32 W а 
C = 32 WR ( D ) 


окоя2 
HH HIHI 


PISTON SPEED AND REVOLUTIONS PER MINUT 


S = stroke in inches. 
P = piston speed in feet per minute. 
R = revolutions per minute. 


M P 
P = s6'S — — — 
5 D R =6 5 
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AREA OF SEGMENTS ОЕ A CIRCLE. 


ne = z Diameter? x y = Area. 


y 


"039 | "010148 || "077 | -02782т || “115 | ‘050165 
"040 | "010537 || 7078 | 028356 || 7116 |" 
7041 | "010931 || *o79 |" *117 | 7051446 
042 | "011330 || “OBO | 029435 || 7118 | "052090 
*043 | 7011734 || *o8r |” 7119 | *052736 
*044 | 7012142 || *o82 |“ "7120 | *053385 
7045 |7012554 || “083 | "о31076 || "121 | 054036 
7046 | “012971 | “084 | "031620 || 122 054689 
7047 | 013 “o85 | 7032180 || “123 | "055345 
54 7013818 “086 7032745 || 7124 | 056003 
7040 | 014247 || 7087 | "033307 || 7125 | "056663 
x 7014681 || 088 Svr аш) "126 | ‘057326 
7051 | 7015119 | *o89 | "034441 || *127 | "057991 
К 7015561 || “ogo | *o35011 || 128 "038038 
053 | "016007 || "одг | 035585 || “129 | 059327 
7016457 || `092 | 036162 || -130 | "059999 
055 | "016911 || *o93 | 036741 || -131 | 060672 
7017369 |} "094 | 037323 || “132 | ‘061348 
057 — . — 7095 | 7037909 133 062026 
"or ‘o96 | "038496 || 134 062707 
018766 || *097 | 039087 || *135 | 063389 
019239 | 7098 | 039680 || *136 | "064074 
019716 || "099 | *040276 2% "064760 
0201 100 “040875 || `r "065449 
*139 | 066140 
за | egal 
141 
142 5 
7143 | 068924 
“144 | 7069625 
"145 | 7070328 
7146 | "071033 
7147 | -071741 
7148 | "0724 
7149 | "073161 
150 | "073874 
151 | 7074 
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AREA OF SEGMENTS ОЕ A CIRCLE. 


Versed Sine 


Diameter. 


=x 


"104685 
"105472 
106261 
107051 


107842 


108636 


"109430 | 


“110226 
7111024 
111823 
112624 


113426 


114230 
"115035 
*115842 
*116650 
*117460 
*118271 
*119083 
7119897 
“120712 
7121529 
7122347 
123157 
123988 
7124510 
7125634 
9 
“127285 
“128113 
“128942 
7129773 
"130605 
7131432 
7132272 
"133108 
7133945 
7134784 


2 
Diameter x y= Area. 
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Versed Sine 


Diameter. 


Diameter? x y — Area. 


AREA OF SEGMENTS OF A CIRCLE. x]. 
| 
| 
| 
| 


2 


*202762 
"203683 


"204605 
“205528 
“206452 
"207376 
208302 
209228 
“210155 
“211083 
“212011 
7212941 
213871 
214802 
7215734 
“216666 
*217600 
218534 
219469 
220404 
221341 
222278 
223216 
"224154 


9 | "225094 


226034 
226974 
227910 
"22885 

“229801 
"230745 
Ead 
*232634 
*233580 
*234526 
"235473 
“236421 
237369 


23831 

“2 39268 
“240219 
7241170 
5242122 
7243074 
*244027 
"244980 
243 35 
*240590 
247845 
“248801 
7249758 
"250715 
“251673 
“252632 
"253591 
"254551 
5255511 
7256472 
"257433 
"258395 
"259358 
*260321 
*261285 
262249 
263214 
7264179 
*265145 
*266111 
*267078 
*268046 
"269014 
"269982 
"270951 
271921 
+272891 


80 | -273861 


| 274832 | 


275804 
276776 
277748 
+278721 
279695 
+280669 
+281643 
+282618 
283593 
*284569 
*285545 
“286521 
"287499 
+288476 
"289454 
"290432 
7291411 
"292390 
“293370 
"294350 
7295330 
“296311 
"297292 
298274 
299256 
300238 
301221 
302204 
303187 
304171 
305136 
"306140 
“307125 
"308110 
"309096 
"310082 
+311068 


*312055 | 
7313042 
"314029 
"31 405 1 7 
-31600 
316993 
7317981 
"318970 
:319959 
32094 
32193 
322928 
323919 
324909 


32 т 
*327883 
зд 
3 

330858 
331851 
7332843 
*333836 
E 
*335823 
+336816 
*337810 
338804 
339299 
340793 
"341788 
"34278 
"34377 
"344773 
"345768 
"346764 
"347760 
"348756 
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| AREA OF SEGMENTS ОЕ A CIRCLE. | 
2 Versed Sine š Ç 
Diameter 


= x. Diameter2 x y = Area. 


x y x y || х y Ей y 
E l. 


“467 | "359723 || 478 | “370706 || "489 | “381699 || *500 | "392699 


SIZES OF DRAWING & WRITING PAPERS. 
= petor .... 28 X48 Demy ...... secs 80 XIS 
сое ^. 53 X31 Extra Large Post 22} x 17 


Elephant 40 20% Tee е .... 2: X36; 


“ Colombier” .. M XM Pinched Post .. 184 x 14 
Á Elephant” 00 80-25 Double Foolscap . 26} x 16 
“ Imperial ” 55-2 а Foolscap ...... 1 хізі 
Super Royal” .27іхт Сору —— хі 
Royal 4 Ро! 


......... . 24 Х19 
Medium ........ 22 X17} 


ee Sis OF WATER (D. N CLARK). 
From 32% to 390° Fahr. 


Temp. | Boiler pressure.| Weight 


ahr. Fahr. | Ibs. per sq. ft. | per cub. ft. 
sm 57-27 Ibs 

62° 14 „ 
100° 56:29 „ 
212° 54-54 " 


MM MH x ines are usually weighed with coid 
water in the boiler. water thus weighed amounts for 
example, to 4 tons at T it will be found, as the values 
in above table, that the weight of water at same level 
(i. e., same volume) but at a boiler steam pressure of 205 Ibs. 
per sq. in. would be Sisi 

x —” = 3} tons. 
$ 62 355 i 
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THE BOILER. 


The function of the boiler is to effect a heat-transfer from 
fuel to water and, thereby, the conversion of water into high- 
pressure steam. The dispositions for effecting this transfer, 
which include the combustion of the fuel, the provision о 
heat-absorbing surfaces in contact with the water and of 
water and steam reservoirs, constitute the mechanical 
Structure of the boiler. 

The type of mechanical structure, in which is in ted 
the rectangular firebox (with open bottom) and the multi- 
tubular barrel, as first adopted by Stephenson in “Тһе 
Rocket“ and almost universally used ever since for the 
locomotive, is known as the “locomotive type." Under 
that name it has been adopted for torpedo boats, etc. 

The locomotive-type boiler is distinguished in relation to 
many other types by one special feature, consequent on its 
furnace being controlled by the blast from the engine exhaust 
steam, vis., the large quantity of fuel which can be 
dealt with on a fire-grate of limited area. 

Apart altogether from differences in size and qme 
proportions, there are many variations in design of this type 
of boiler, but these variations as a rule are due either to 
special arrangements for a particular kind of fuel or water, 
peculiarities of the road, or adaptation to suit the general 
design of the engine—the latter being usually the dominating 
reason. 

In the earlier days ot the locomotive's history very сси- 
siderable attention had to be given to the smoke problem, 
Coke was the only permissible fuel, and on this account, says 
Colbourne, “attempts were occasionally made between 
1833 and 1840 to burn coal in locomotive engines without 
the production of smoke." For this? same purpose, we 
have, further, epe many curious experiments, the very 
interesting cases of, in 1845, Dewrance's firebox with trans- 
verse division into furnace and combustion chambers; in 
1855 McConnell's firebox with combustion chamber project- 
ing into the barrel (an anticipation of up-to-date? U.S. 
Practice); in 1853-1855 Beattie's firebox with mid-feather 
and combustion chamber (barrel), and in 1857 Cudworth's 
twin firebox (longitudinal division) with steeply inclined 

rate—a form which was still being fitted in new boilers as 
ate as 1874. The original form of firebox has, for use with 
Coal, survived all these and our рт experiments, the 
only notable additions bein * Brick-arch ” whose 
introduction, ascribed to Маг , dates as far back as 
1858, and the “ Air deflector’ at the firing hole of the same 
Period. It is virtually a two-chamber box, the lower part 
of which, vis., the part below the brick-arch, forms the 
furnace chamber and is a ee with air through the grate, 
the upper part forming the combustion cham with air 
Supply through the firehole. Combustion of the solid fuel 
is effected on the grate, and thorough combustion of the 
Volatile gases should be effected in the upper chamber before 


G 
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these gases undergo any cooling o tion by contact with 
the water-contact-surfaces of the flue tubes. 

For a low rate of firing, say, 30 Ibs. per square foot of grate, 
the evaporation has been found (see page 50, Table VI.) to 
be 9 lbs., as compared with 6 Ibs. at 160 lbs. per sq. ft., the 
loss at the higher rate being thus 33$ per cent. Tis loss 
is probably due to the higher velocity of the gases carrying 
off unconsumed carbon, and to a shortening of the time of 
contact of the hot gases with the heat-absorbing surfaces. 
The heat-absorption of the firebox (see page 52, Table IX.) 
under similar ratios of firebox surface to grate area varies 
from 43 per cent. at 90 Ibs. per sq. ft. to 34 per cent. at 130 
Ibs. per sq. ft., indicating that the loss referred to above, as 
from a much lower rate of combustion to a higher, may be 
taken as fully accounted for in the firebox alone. 

The deduction from these results seems then to be that, 
for a given grate area, it is desirable to have greater volume 
of firebox, with an extension of the flame-way. In this 
connection reference may be made to two systems now in 
extensive use, which should-give increased efficiency. The 
first may be termed the “ McConnell" system, viz, the 
combustion chamber extension into the barrel. 

Practically introduced in the United States by Wootton 
as a necessity for his wide firebox with very shallow furnace, 
it has obtained there a considerable popularity for all classes 
of work. (It has, of course, an additional recommendation 
in the case of very long boiler barrels in that it shortens the 
length of the tube.) The second method is a modification 
in structure of the Dewrance," vis., the division of the 
firebox by a transverse brick arch,into two chambers, a 
furnace chamber with the usual grate and a front chamber 
with closed bottom? This system has had several applica- 
tions on Colonial and Foreign Railways, is known in the 
U.S. as the Gaines," and has, up till now, only been applied 
to shallow type fireboxes. 

An — experiment illustrating the value of firebox- 
volume and -bed area (radiation surface) as affected by 
variations in the area of the grate анну area) is quoted 
by Mr. Fry (Instn. Mech. Engineers, М: ‚ 1908) as having 
been made by Mr. A. W. Gibbs on the Pennsylvania Rail- 
way. The plant used was a locomotive of the “ Atlantic” 
type with 20}” x 26” cylinders and 6/-8” drivers; its boiler 
had a heating surface of 2,319 sq. ft. composed of 157 sq. ft. 
firebox surface, and 2,162 sq. ft. tube surface (215 tubes 2” 
diam. and 15’ 6" long), and had a grate area of 55-5 sq. ft. 
(9’-3” x 6’-0"). The ratio of heating surface to grate area 
was thus 41-7 to 1. It had no brick arch. The coal used 
had 57-2 fixed carbon, 35 volatile combustible, 6-7 ash and 
1-1 moisture. 

Twelve tests were made. All other conditions being the 
same, the area of the grate was tested under three variations, 
viz. :—(1) At full area of 55-5 sq. ft., (2) with front end cut 
off and leaving 39-5 sq. ft. available, (3) with front end 
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further cut off and leaving 29-76 sq. ft. available. A set of 
four tests was made for each variation, різ. :—(1) With the 
engine running at 80 revs., per min., and 15 per cent. “ cut 
.Off"; (2) at 120 revs. per min., and 20 per cent. “cut off”; 
(3) at 160 revs. per min., and 25 per cent. “cut ой”; (4) 
at 160 revs. per min. and 32 рег cent. “cut off.” 

The coal fired in each test amounted to from 1,000 Ibs. to 
5,000 Ibs. per hour. 

The result of the tests showed that, for a given quantity 
of coal the boiler efficiency was, within this limit, independent 
of the grate area, $.с., for a quantity of 4,000 Ibs. burned in 
а grate of 55-5 sq. ft. at the corresponding rate of 72 Ibs. 
n sq. ft. per hour, or on a grate of 29-76 sq. ft. at 134 Ibs. 

е firebox-volume, adds Mr. Fry, seems here to be the 
controlling feature. 

Furnace capacity comprises the grate area and the depth 
Of the fuel bed. The extent of grate area is dealt with 
under “ Boiler power." For the depth of the fuel bed it is 
convenient to take as a representative dimension, the distance 
between tbe surface of the grate-bars and the brick arch, 
às at the tube-plate face. In general practice this dimension 
varies between 18 inches and 32 inches. For bituminous 
coal the latter figure has, on British railways, been preferred 
às providing for a furnace which, as regards stoking, required 
less careful attention, but for many types of engines, and 
нешеу for those designed for narrow gauge railways, 

tis not attainable. 

The relative merits of depths of 32” and 18” were subjected 
to an exhaustive test on the London and North-Western 
Railway (C. J. B. Cooke, Instn. Mech. Engineers, March, 
1908), and a few particulars are herewith given. The 
Principal dimensions of the engines were :— 


“ Precursor.” “ Experiment." 
ass. Class. 


Азы of locomotive .. .. 4-4-0 52 4-6-0 
Cylinders „ „„ ice ЫКЫ 1 076. . “ves у г 
Coupled wheels .. .. .. 1 75” 
ler pressure 178 185 
Heating surface, Tubes 18484 .. 1908 
Do. Firebox .. 161.3 133 
- Do. Total . 20097 .. 2041 
Grate area .. .. .. .. 224 .. 25 
Firebox depth from centre of 
brick to firebox = А. 28” 
Distance from arch to bars at 
OBE ISe нее ates HM LE 18* 
Weight (E. & T.) in working 


order, tons ep x 96} .. 1021 
The tests, which were taken on the Euston-Crewe run, 316 
Miles, covered a period of five months (October-February). 
The loads averaged about 350 tons exclusive of engine and 
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tender, and the speeds from 47 to 58 miles per hour. The 
results were as under, viz. :— 

“ Precursor,” 34,828 miles at 57-53 Ibs. coal per mile. 

" Experiment,” 34,013 „ at 52-25 do. 

The engine with the shallower box and larger grate area 
thus made a gain of 5-28 Ibs. mile or about 10 per cent. 

Note by Mr. Cooke,—“ With the shallower box the fire- 
man must handle his shovel carefully and constantly watch 
the condition of the fire in order to keep the bars from 
drawing air. 

“ The minimized space under the firehole door and beneath 
the brick arch renders it imperative to fire frequently and a 
little at a time, whilst with the deeper firebox and conse- 
quently thicker fire, careful firing is not so necessary.” 

In the case of the “ Experiment " special notice must also 
be taken of the larger pss area, Taking an average speed 
of 50 miles per hour the coal consumption per square foot 
of grate area per bour is :— 


5225x505 104 Ibs. 
For the “ eui n ر‎ consumption is :— 
22 = 130 bs. 


A reference to Prof. Goss’ experiments, shows that about 7 
per cent. of the saving might be due to the larger grate 
area alone. 4 

Grate.—For hand-firing, the length of the grate, іп fire- 
boxes of normal type, is not usually allowed to exceed 
10° 0^. The width of the grate is determined either by the 
constructional arrangement of the framing and the wheel 
positions or by the limitations of the loading-gauge.” 

The Narrow Firesox, using the term as descriptive of 
one whose width, over the outside of the shell, is such as to 
allow it to be placed between the frames and the wheels, 
тал have its maximum width of grate thus defined, viz. :— 

or the 4’-8}” gauge the transverse distance between the 
wheels is 4-54”. Allowing for i" clearances between the 
wheels and the frame, and for 14” thick frame-plates, the 
distance between the frames is 4'-1j*. Allowing for clear- 
ances of 3” Е the provision for stay and rivet heads), 
the width of the firebox shell is 4'-01* and, if the shell plates 
and firebox Yee are each j5" thick and the width of the 
foundation-ring (or water space) is 3”, then the maximum 
width of the grate is 3'-41". By the use of a 2” water space, 
which is not uncommon in British practice in districts where 
good water is available, this dimension can be increased to 
3-6; but 3” is the more generally recognised space and 
U.S. practice now seems to aim at 4” to 44”. 

For the other gauges, the width of the grate will vary in 
се with the greater or lesser gauge dimension, 1.е., 
for the 5'-6" gauge the width can be increased by 947, for 
the 5-3” gauge by 64”, and for the 3-6” the width must be 
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decreased by 1’-2}” except, in each case, as it may be modified 
by variations in clearances and thicknesses of the plates. 


The Wipe Firesox, as a term, is used to describe one 
which extends transversely beyond the frames and wheels 
and whose maximum width is limited only by the restrictions 
im by the “loading gauge." In British practice, the 
“ Atlantic” t engine of the Great Northern Railway i 
fitted with a firebox of this type. On the South African 
3-6” gauge railways, engines recently constructed have 
grates 5’-10” wide. In U.S. boilers, widths of from 67-0” 
to 8-0” occur in ordinary ctice and there also the 
** Wooten “ firebox, a wide and shallow box specially designed 
for burning anthracite coal, probably holds the for 
extreme dimensions of grate—the width in some cases is 9'-6*, 

Fire-bars are usually of a taper section, the thickness at 
the top or hearth face being from $” to 14” and at the bottom 
edge š“ and 34” deep. Тһе air spaces between the bars vary 
T tly, h and 17 are representative figures for use 
wi ritish coal and 3” to 14” for Indian coal. In rocking- 
grates for use with “ caking" or “clinkering” coal the 
me are usually from 44” to 5” long and about 18” thick, 
and 3" to 34” pitch. peres 8 or shaking grates with 
“dump” ons are practically universal in U.S. For 
large grates steam-operated shaking gear has been installed, 

rates with power stokers are now in extensive experi- 
mental use in America and among these may be mentioned 
those by “Street,” “Hanna” and “Crawford,” which 
comprise тілдегі! grates and both “Conveyor” and 
“ Crushing " type stokers. 


Тик Пллмохр Brower.—One of the most practical 
cleaning blowers is known as the “Diamond.” As will be 
Seen from the illustration, two steam orifices are provided 
in the nozzle, one arranged to blow parallel with the axis 
and the other oppesed at an angle toit. The ur steam 
to the jet is controlled by a "ring" valve, which travels 
backwards and forwards across the ports in the body of the 
nozzle. The valve is moved by rotation of the bend wheel: 
апа in one extreme position it fully closes the inlet to the 
angular jet, leaving the parallel one full open, and at the 
other end of its travel the reverse is the case. In mid- 
Position both inlet ports are partly open and at all times 
4 constant amount of steam is passing through either a single 
or combined jet, the intensity of the blast not varying. The 
turning of the handle, in addition to actuating the valve, 
also rotates the nozzle. It will be seen that after commencing 
with a simple jet projected directly on the tubes in the centre 
of the boiler, the opposing jet comes into operation gradually, 
Increasing in strength, and deflecting the blast until it is 
at its widest angle and the whole of the tubes have been 
Swept. The jet is concentrated, and takes effect on only 
a few tubes at a time, but it travels over the whole of the 
tube plate in the form of a spiral; about ten complete revolu- 
tions of the hand wheel are required, taking about one minute, 


"DIAMOND" AUTO-GYROIDAL TUBE BLOWER. ~ 


Oil Burning.—Many systems are in use, both as to con- 
struction of the furnace-chamber and as to apparatus, With 
the ordinary construction of firebox in “locomotive type" 
boilers, most of these systems involve the protection of the 
walls by firebricks and the addition of a firebrick hearth, 

The evaporative power of oil is approximately 1} times 
that of coal. 


BOILER SHELL. 


For purposes of comparison, a standard locomotive type 
8 4.е., the boiler- barrel and firebox envelope ог 
casing, may be taken as having the following features, viz.: 
The barrel is constructed of two or more rings of uniform 
diameter and is fitted with a dome. The firebox casing is 
* flush " with the barrel, its front, back and side plates are 
vertical. The bottom is horizontal. The smokebox tube- 
plate is extended and flanged to make joint with the smoke- 
box, and the attachment to the barrel is made with an L ring. 


Variations in practice are as under, vis.:— 


Conical Barrel. This is in considerable use in the United 
States and has been adopted in one, at aay rate, of our home 
railways. It effects a diminution of weight at the front end 
of the boiler; tbe evaporating surface of the water at the 
front end is also diminisbed, but the evaporation is there 
at a minimum, and the effect of this is therefore inappreci- 
able; on tbe other hand, the construction is a more costly 
one. 


Dome. If sufficient steam space is allowed within the 
barrel, the dome is merely a convenient place for the regu- 
lator steam-valve. ` 
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Firebox Shell. The round-top shell, “ flush” with, or 
Slightly raised above the level of the barrel, represented 
common practice in connection with a girder-stayed firebox 
crown and still obtains to an increasing extent with direct 
Stays, $.&., screwed rods between shell and crown. The 
flat-top or“ Belpaire ” type is more representative of modern 
practice. It gives a full thickness of the plates for con- 
nection with the stay screws, greater evaporating surface and 
steam space at the part of maximum evaporation and lends 
itself more readily to the arrangement of proper conveniences 
for the inspection and cleaning of the crown sheet. Inclina- 
tions of the throat or back plates are arranged usually to 
suit weight considerations. At the throat plate an inclina- 
tion may effect a shortening of the barrel and of the flue 
tubes and at the back a saving of material and a lessening 
of the water carried. The width of the shell is governed 
by the general design of the framing, etc. 


Smokebox Tube-plate. The extended or horseshoe plate 
has been much used in this country as it was considered more 
suited to inside cylinders, giving a direct connection between 
boiler and cylinder flange. This form of construction is, 
however, rapidly giving way to the drumhead type, which 
facilitates the maintenance of an air-tight smokebox, 


FIREBOX, 


Relative to features of shell-construction, as above des- 
cribed, the standard firebox may be assumed to be formed 
with a horizontal roof, and with the sides, the back (door 

late) and the lower part of the front (tube plate) inclined 
‹ m the vertical so as to allow for a wider water-space at 

the top than at the bottom. The upper part (tube-hole 

section) of the front plate is always vertical, in order that 
all tubes may be made of the same length. 

Variations in practice are as under, viz. :— 

- The width of the upper part of the box is increased to 
admit of a greater number of tubes being provided. This is 
enerally necessary but especially so with narrow-grate 
xes. If at — porene the outside width (measured over 
rivet heads) should not exceed that of the opening inside 
the shell at the bottom, in order that the firebox =, be 
inserted after the shell is riveted together, and to facilitate 
the removal and replacement of the firebox (in repair work). 

The roof of the box is inclined, longitudinally, particularly 
оп long boxes, i. c., lower at the back than at the front, so 
that on steep grades the water fnay be maintained at a 
sufficient depth above the plate. 

The provision of a “ combustion-chamber” is a special 
arrangement to ensure more thorough combustion of the 
fuel (see under “ The Boiler ”). 

The provision of a “ Midfeather,” $.г., a water chamber 
across the box at the position usually occupied by the Brick 
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Arch, ог a water channel across the roof of the box (as in 
former Midland Railway practice) has been discarded. 
These were fitted in ler to increase the direct heating 
surface, or to promote circulation. 

In U.S. practice it is usual to fit “ Arch tubes ” so called 
because they are used to support the Brick Arch, between 
the front water-leg and the back end of the roof. 

At the fire-hole openings, in the shell and firebox plates, 
the joint is formed by a solid ring, interposed and riveted 
to the plates. Owing to troubles experienced with the 
rings, even when forged, without weld, various methods of 
direct junction of the plates are in use of which perhaps 
the Webb” is the best known example. 


BOILER FLUES. 


“Brass Tubes was, until recently, the term used in 
boiler specifications embodying British locomotive practice, 
but steel or charcoal-iron tubes are now also in general use. 

The quality of the material, etc., as prescribed for tubes 
in the British standard specifications is as under, vis. :— 


Brass Tubes. Two qualities are given. (1) 70/30 Alloy 
in which not less than 70% must be metallic copper and 
there must not be more than a total of 0-75% of materials 
other than copper and zinc. (2) 2/1 Alloy in which not 
less than 66-795 must be metallic copper, and there must 
not be more than a total of 0-75% of materials other than 
copper and zinc. The tubes must annealed at both ends 
and tested to a hydraulic pressure of at least 750 lbs. per 
sq. inch. 

Copper Tubes. These must contain not less than 99% 
of copper and 0-35% to 0-55% must consist of arsenic. 
The hydraulic test is the same as for Brass tubes. ^ 

Charcoal-Iron Tubes. These tubes are to be lapwelded 
and made from genuine Swedish puddled iron of best quality. 
The tensile strength is to be between the limits of 19 and 24 
tons per sq. inch, inclusive, with a contraction of not less 
than 45%. They must be annealed at both ends. The 
hydraulic test is to be the same as for Brass tubes. 

Steel Tubes. These tubes are to be cold drawn and weld- 
less and made from steel of the best quality by the Open 
Hearth process. They must not contain more than 0-03% 
of eae bate or of phosphorus. They must be annealed 
throughout their length. The tensile strength is to be not 
more than 24 tons per 5%. inch, with an elongation not less 
ou 28% їп 8 inches. The hydraulic test is 1000 Ibs. per 
sq. inch. ` 

In general practice, the size of tubes varies between 1$ in. 
and 2% in. outside diameter. Tubes of 1j in. and 1j in. 
diameter are now seldom used, and then only in the smallest 
boilers. 1} in. diameter may be taken as standard practice 
for tubes up to 15 ft. long; 2 in. from 15 to 18 ft. and 2} in. 
for the longest tubes now in use. 
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Рог the thickness of the tube the following figures may be 
taken as representative, viz. :— 


Thickness 
Brass or Copper, 1j" dia. 12 W.G. tapering to 14W.G. 
” š 2 " ” ” 12 * 
Steel or Ch. ir. i =< IE a 
” 2» и ,, 
21* 10 


" ” ” 
Relative to the above tapering thicknesses of brass and 
copper tubes, it will be understood that the tubes are parallel 
On the outside, and that the taper is on the inside. Also 
that the thicker end is fitted into the firebox tubeplate, the 
allowance being in respect of the greater wear which takes 
place at thatend. The front ог smokebox endof the tube is 
usually made m in. larger in diam. for about 3 in. of its 
length to allow for withdrawal of the tube after being in ser- 
vice and having Из surface coated with a slight deposit. The 
firebox end of the tube is, in many cases, made $ in. smaller 
in diam. to permit of a stronger bridge between the tube 
holes in the plate. 

As an example of practice based on extensive experience, 
the following particulars of a 1j-in. diam. Brass tube as 
employed in the locomotive boilers of the Indian State Rail- 
хауз, may be of interest, vis.:—The tube is increased 

n. in diameter for 3 ins. at its front end, and reduced 

їп. in diameter for 6 ins, at its firebox end. Its thick- 
nesses are ;—11 W.G. for 12 ins, at the firebox end, thence 
tapering to 13 W.G. in the next 12 ins., and thence of a 
uniform thickness of 13 W.G. to the smokebox end. The 
reduction at the firebox end, for a length of 6 ins., fulfils 
the double function of giving greater water space between 
the tubes at the part of maximum evaporation and of (as 
referred to above) giving more material in the plate bridges. 

The tubes are expanded into the tube plates at both ends 
and fitted with ferrules at the firebox end. The ferrules are 
about 1} in. long and 11 W.G. thick and are tapered 1 in 20; 
the outer edge at the smal! end is rounded so as to avoid its 
cutting the tube in process of being driven home. 

For steel tubes fitted into copper tubeplates it has been 
found advantageous not to f е the tubes until the boiler 
has been in service for a short period. 

For steel tubes fitted into steel firebox tubeplates it is 
Usual to fit on the tube-end a thin copper sleeve of sufficient 
length only to make the joint and to avoid the possibility, 
when expanding, of the tube being cut by the sharp edge 
of the steel plate. . . 


STAYING POWER ОҒ BOILER TUBES. 
J. Holden (Proceed., M. I. M. E., 1906). - 


The following table gives for a eold condition, the force 
required to pull either a 14” thick copper firebox tube 
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plate or a 1“ thick steel smokebox tube plate, over a single 
steel-tube expanded into the plates but without ferrule. In 
tests Nos. 1-3 the tubes were expanded in parallel holes and 
were not beaded. In tests Nos. 4-6 they were expanded in 
pet holes and were not beaded. Tests 7-9 were similar to 
1-3, and tests 10-12 were similar to 4-6 but in 7-12 the tubes 
were beaded over at the copper plate. 

In the second set of tests, the end previously pulled through 
the plate was flattened and held in dies. 

The tube used in the test was 14” outside diam., 13 S. W. G. 
thick, with smokebox end 1}” outside diam and firebox 
end 1%” diam. 

In all the first tests with the exception of Nos. 2, 3, 4 and 
6 the joint was started in the steel plate and with the ехсе 
tion of No. 3 the tube was pulled through the steel plate. In 
Nos. 2 and 4 it started in both plates, and in 3 and 6 in the 
copper plate. The load is given in tons. 


| 


First Test. Second Test. 
№. of Tostart | To pull. | To start | To pull. 
test. joint. | joint. 
1 4-64 | 5-95 5-95 6-4 
2 5-1 | 5:77 | 5-1 6-6 
3 3-5 | 39 5-45 6-75 
dem 5-9 599 | 59 9-3 
5 5-86 | 75 | 6-9 8-5 
6 5-8 | 645 | 58 1-9 
|| . B LS 
9 45 8-16 10-3 11-95 
10 5-44 6-75 | 8-1 13-0 
11 6-1 79 94 13-4 
12 4-55 4-85 | 9-1 11-5 


SMOKEBOX AND BLAST-PIPE. 


The Smokebox or, as in American zer “The 
Front End,” forms, with its contents and the chimney, the 
apparatus for inducing the air to enter the furnace, appur- 
tenant to providing for the discharge into the atmosphere 
of the exhaust steam from the cylinders and of the waste 
gases from the furnace. - It also accommodates the conduit 
for the steam from the boiler head to the cylinders, including 
the superheater header, the spark arrester and the Blower 
Nozzle or Ring. Except as regards the chimney orifice, the 
smokebox is an air-tight box and is fitted with an air-tight 
jointed door, which is sufficiently large to give access for 
cleaning the tubes, etc., remaking the joints of steam and 
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exhaust pipes and to permit, in case of repair, of the flues 
being withdrawn and replaced in the boiler. T 

With inside cylinder engines, the length of the smokebox 
was at one time determined by the length of the cylinder 
barrel, but is now usually extended; the smokebox-tubeplate 
and the front or door-plate being attached to flanges at the 
back and front ends, respectively, of the barrel casting; the 
width at the bottom is similarly determined by the attachment 
of the side covering plates to the main frame plates and the 
contour of the roof and sides by that of the tube-plate itself. 
The construction is similar on * outside cylinder engines, 
with the exception that the tube and front plates are con- 
nected to the frame cross-stretchers at the cylinders. 

With a“ drum-head " tubeplate in the boiler barrel, the 
smokebox generally also takes the cylindrical form, its 
covering or barrel plate being either directly connected to 
an extension, beyond the tubeplate, of the front plate of the 

iler, or with à bar-ring duae of sufficient thickness 
to bring the outer surface of the smokebox flush with the 
clothing sheets. With this construction, the smokebox is 
bedded on and attached to a saddle which also forms the 
frame stay at the cylinders, and the length of the smokebox 
is usually fixed by making the front or door plate, flush 
with the front face of the saddle. 

These constructions, which may be termed “short” 
smokeboxes, became standard practice after the publication 
of В. Peacock's “ successfully conducted” experiments in 
1850 on the Manchester, Sheffield and Lincolnshire Railway. 
(It ата noted here that these pu demonstrated 
on “ Sphynx” that it was beneficial to reduce a normal 
volume of smokebox of 40 cubic feet to 30 cubic feet.) 

In the United States and Canada with their extensive 
open lines and with wood for fuel, early attention had to be 
given to "spark arresting.” The short smokebox for this 
reason was fitted with a * balloon " or * diamond“ smoke- 
stack containing a spark deflecting cone, a wire gauze baffle 
and an ash reservoir. This type of chimney, while fairly 
meeting the case of light engines, was in recent times found 
to be neither efficient nor convenient in the case of heavier 
machines, 

The extended Smokebox is now in general use in most 
countries, It enables, as compared with the balloon 
chimney, a much ter area of spark arrester netting 
to be provided and in a more suitable ition, viz., between 
the flues and the blast nozzle. It has a much greater 
capacity for ash deposit and has easy access for the 
removal of same. 

Blast. The system of the blast or air-inducing apparatus 
is similar to that of an ordinary ejector. The exhaust steam 
nozzle represents the steam cone, the chimney being the 
сен а сова and the smokebox space between these parts 
being mixing chamber. The function of this apparatus 
is to eject the exhaust steam and waste gases, and thus to t 
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create a partial vacuum in the smokebox, and thus again 
to induce the products of combustion to pass through the 
flues, and air to pass through the grate and fuel bed into the 
furnace. Under various conditions this partial yacuum in 
the smokebox amounts to from 4 to 10 inches of water, and 
the pressure on the piston, due to this work of passing 
the exhaust steam through the nozzle, may be taken at from 
2 to 3 Ibs. per square inch. 

The position of the blast nozzle relative to the flues and 
chimney has been the subject of much experimental work. 
Previous to Peacock’s tests (above referred to), in 1848, the 
nozzle was located either within the chimney-barrel or at 
the level of the smokebox-roof. The result of these experi- 
ments showed that greater efficiency was obtained with the 
nozzle placed eighteen inches from the base of the chimney, 
and this is approximately in accordance with the “ High 
position " in modern practice, viz, about 2 inches above 
the top row of flues. 

In main line work, however, with boilers of large diameter, 
highly pitched relative to the rail level, and with the same 
maximum height ( Loading gauge" restriction) the avail- 
able length of chimney barrel above the smokebox has been 
reduced. In such cases it has been found necessary to 
provide an extension of the chimney inside the smokebox, 
with a resultant lowering of the blast-pipe nozzle. Three 
outline sketches herewith, Figs. 1 to 3, are representative 
of the positions on engines in extensive use, viz., Figs. 1 and 
2 show the ition as for the Standard Indian Locomotives 
{ог the 5-6” and Metre Gauge Railways, and Fig. 3 shows 
the position as for one of our important Home Railways. 

The principal dimensions for the positions, etc., on these 
smokeboxes аге as under, viz. :— 


| р | a | h b | Р P 
Fig. 1.6 | 177 | 3" 25° | 123° | 9” 
„ 2. Sige | 137° | Тар) 187 | 4^ | 105° 
5 6787.1 14 = 24" |24 |10 


With a much lower position of nozzle a “ petticoat pipe” 
or draught pipe was — interposed between the nozzle 
and the chimney. The iest record of such an arrange - 
m is — 72 — be ers Я чону ео е —— А 
ew years later, object of more thoroughly eq ing 
the draught over the flue area, the general practice in the 
U.S. introduced a number of these petticoat pipes 
or draft cones, in place of the single cone. 

Fig. 4 shows the low position of the nozzle, and the flared 
extension of the chimney barrel, representative to a consider- 
able extent of the U.S. 3 of the present time. It 

ation 


embodies the recommen following on the extensive 


series of experiments conducted by Dr. Goss at the Purdue 
University, with the view of determining the most suitable 
dimensions for the chimney. For these dimensions, he 
gives the following equations, vis. :— 

t D diam. of smokebox; d=diam. of chimney at 
throat; h=distance of nozzle below centre line of smoke- 
box; b=diam. of chimney flare; P=extension of chimney 
inside smokebox, and p=distance from throat to face of 
flare; all in inches (“Һ” should be as great as possible), 

then, d—21D 4-*16h 
b= 24 ог ‘5D 
P=32D 


2 22D 

It will be observed ate in Dr. zum 2 0. there 
are no proposals for “ petticoat ” or draft pipes (U.S. term). 
A very thorough series of tests relative — how- 
ever, included in his iments, and it was found that no 
possible combination of single or double draft pipes and 
chimney could be found which would give a better draft 
than could be obtained by the use of a properly proportioned . 
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chimney without tne draft pipe. If too small a chimney 
has been fitted, a draft pipe may bring about improved 
working. 

In British practice, several forms of exhaust pipe, designed 
to effect an equalization of the draft over the flue area, 
have been in considerable use. Notably, the Adam's “ Vor- 
tex " pipe in which the exhaust pipe is constructed with a 
steam nozzle of an annular type; the interior orifice of this 
nozzle communicating with a wide opening in that sfde of 
the pipe which faces the flues and serves for the action of 
an auxiliary draft on the lower rows of the flues. The 
bic ADU blast-pipe is annular throughout its length. 
The auxiliary draft is made through ports in the base flange 
(which is situated in front of the lower flues). The pipe 
can be partly revolved en this flange, and thereby the er 
openings can be varied in size and the draft regulated by 
the driver through suitable gear. 

Fig. 2 (smokebox) indicates the method now in use to 
ensure equalization, vis., the interposition of a dead 
pa " or diaphragm between the blast-pipe and the flues. 

E. 4 (smokebox) indicates the extension of the “ dead 

late," which is required where the low position of nozzle 
s adopted. 

The proper size of the blast nozzle can be determined only 
by tests made under actual working conditions. In practice 
the diameter averages about one-fourth of that of the cylinder. 
Any attempt to formulate a rule for this size would require 
to take into account the volume of the smokebox, area of 
chimney, area and length of flues, area of 5 at 
the grate, class of fuel, depth of fuel-bed and finally the 
proportional incidence of uphill work to that of average 
conditions on the railway. 

It is to meet such complex factors that the “ variable " 
nozzle is employed. On the railways of the European 
Continent, it has maintained its position for half a century, 
but elsewhere it has gained merely a bare recognition. Two 
types of variable nozzle are in use. The older form employs 
a vertical spindle, passing through the exhaust pipe, with 
a coned head so placed in the nozzle-orifice that the move- 
ment of the cone increases or diminishes the area of the 
orifice, The form now probably in greater use is that in 
which the nozzle-orifice is, for its smallest area, formed in 
two 3 flaps. By a movement of these flaps the area 
can be increased. 

A third t is that introduced by Macallan, of the G. E. 
Railway, and limited the variation to two sizes. The small 
size was attached to a lay shaft in such a manner that it 
could be swung over and superimposed оп the large nozzle. 


In these systems the variations of the size are regulated 
from the footplate and the chief objection to their installa- 
tion is that, if not constantly in use, they become unwork- 
able, due to smokebox conditions. For t 1 and 2 it is 
therefore, worthy of note that they have been arranged 
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to change automatically in accordance with the movement 
of the reversing bandle, £ e., in full working gear the variable 
nozzle is open for its largest area and in mid gear for its 
smallest. 

Another method of varying the draught is that which retains 
the simple nozzle but arranges for relieving excess of pres- 
sure in the exhaust pipe. Earlier ар жанса of this type 
provided for a bye-pass valve (controlled from the footplate) 
on the exhaust pipe, through which part of the steam could 
be discharged to the atmosphere, or be utilized either to 
heat the feed water in the tank, or for working an exhaust 
steam injector. A more recent application, which has now 
several years of good work to its credit, is that on G.W.R. 
locomotives, in which the ordinary nozzle has a lift“ 
which acts automatically under excess pressure, and permits 
of an auxiliary exhaust. 


LENTZ PATENT POPPET VALVES. 


This type of Poppet Valve can be operated by any of the 
several well-known valve motions generally ре А р (Ѕее 
р. 201 also р. 203.) 

Difficulties experienced with piston valves are usually 
concerned with extensive repairs and renewals of packing 
rings and liners and to carbon deposits. 

Lentz Valves are said to overcome all these troubles and 

rovide a valve which will remain perfectly steam tight ; 
ing balanced T require little effort to operate, and also 
but a small part of the oil required for piston or ordinary 
slide valves. 

Poppet Valves are well adapted for high pressure super- 
heated steam and locomotive requirements in On 
the Lentz system they are arranged in a steam chest casting 
which may be separate from or cast with the cylinders. 
There are four valves in each steam chest, and they are made 
of mild steel machined out from the solid. They are mounted 
on spindles of special hardened steel and are disposed in the 
horizontal plane, two valves at each end of the casing, one 
for steam and one for exhaust. The adjacent valves are 
side by side and parallel, and having their axis opposite 
those of the valves and at the other endof the valve chest. At 
tight angles in the centre of the valve chest is a cam shaft 
having two hardened cams, one for the two steam valves 
and one for the two exhaust. A rocker arm is fitted to the 
cam shaft at its outer extremity to which connection to the 
valve gear is made. A reciprocating motion thus provided 
oscillates the cams, which impart motion to the spindles 
through a system of intermediate levers opening and closing 
the valves as desired. Restricting the swing of the rocker 
arms shortens the movement of the valve spindles and the 
valve openings being less they close earlier, thus providi 
a shorter cut off. In this respect and as regards revers: 
the valve equipment resemble ordinary piston valves, - 
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BOILER BARREL PLATES. 


The formula for the thickness is as under :— 
P Dx roo 
TEET x% 
=Thickness of plate in inches. 
=Diameter of barrel in inches. 
= Working pressure of boiler in Ibs. per sq. in. 


=Tensile strength of plate in Ibs. per sq. in. 
=Factor of safety. 


то dH 


555 stress on plate. 


% = Joint efficiency per cent. 


Example. Plate thickness required for barrel бо in. diam. 
180 lbs. pressure, 28 tons tensile, and a factor of 5 and joint 
efficiency of 80% 


28 
Stress =—=5-6 tons=12544 lbs. 


180 X 60 X 100 17 
Thickness of plate ------------538 or — in, 
2X12544 X So 32 


The results from this formula are graphically shown on the 
next page for pressures of r20 to 216; diameters of 30 in. 
to 78 in.: joint efficiencies of 70%, 75% and 80% ; for plate, 
having a tensile strength of 28 tons, and for a factor of s, i.e. 
a working stress of 12,544 Ibs. 


Example. Taking particulars аз per above example, 
from т8о follow the horizontal line till it touches the diagonal 
for 60 in., the vertical line measured from A to B gives the 
required thickness in full size. To the lower inclined line 
gives the thicknesses for 80%, the mid line for 75% and 
the top line for 70%. 


'e: Ib. per sq.it 
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NOTES ON FEED-WATER HEATING. 


‘There are two main sources of waste heat in a locomotive— 
the flue gases and the exhaust steam. This heat can be 
partially returned from either of those sources in the feed 
water. The theoretical gain by thus heating the feed is 
shown on the table annexed, but certain subsidiary advan- 
tages also accrue by the use of hot feed so that in actual 
practice it is found that those values are exceeded. 


Temp. Temp. of Feed 2 Boiler pressure 
of delivered to in assumed to be 
Water. Boiler. Fuel. 200 lbs. 
60° 120°F, 4% per sq. in. 
140 F. 5% 
160°F. 8% 
180*F. 10% 
200*F. 1296 


Feedheating by exhaust gases, while resulting in high 
efficiency, has been accompanied by such mechanical 
difficulties that its general utility is still at any rate a doubtful 
question. с 

Feed-heating by exhaust steam may be carried out іп two 
ways—on the suction and on the discharge side of the 
injector or pump used for feeding the boiler. 

Feed-heating on the suction side may be accomplished 
either by direct contact of steam and water or by a tubular 
apparatus keeping the two fluids separate, while discharge 
feed-heating is limited to tubular or surface-contact appara- 
tus, The limitations of injector feeding when combined 
with feed-heating practically necessitate the use of pumps 
for this duty where high degrees of feed-heat are used. 

Suction feed-heating has the advantage of de-aérating 
the feedwater, but is more limited in range than discharge 
feed-heating. In a recent series of trials with a Weir feed- 
heating installation an overall saving of 16 per cent. of fuel 
was recorded on a protracted trial. With this system an 
exceedingly easy feed control is obtained, and the reliability 
of the well-known Weir Feed Pump, as adapted for loco- 
motive work, bas been conclusively proved, 
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COMPOUND LOCOMOTIVES 
ADVANTAGES :— 
Economical use of steam. 


Range of expansion per cylinder reduced, and 
consequent reduction of range of temper- 
ature, so that cylinder condensation is 
considerably lessened. 


Total range of expansion increased. 


Comparative uniformity of piston rod pull 
and thrust, and in the case of 3 or 4 
cylinder engines a more uniform rotative 
effect on axle. 


Types :— Cylinder Arrangements 


I. Two cylinders, one about usual size (high 
pressure), one larger (low pressure). 


II. Three cylinders. 
(1) One high pressure, two low pressure. 
(a) All cylinders drive one axle. 
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II. Three cylinders (continued). 


(1) (^) Cylinders drive separate coupled 


axles. 


(2) Two high pressure, one low pressure. 


(а) Cylinders drive separate uncoupled axles. 
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HI. Four cylinders. 


(т) Balanced. АП cylinders drive one axle. 
Also with low pressure cylinders outside, 


не 


(2) Divided and balanced. Separate coupled 
axles driven. . 


(3) Tandem. Cylinders arranged tandem, 
two pistons on each rod. Two cranks 
only operated. In some cases cylinders 
are connected and one slide valve em- 
ployed for each pair of cylinders. 
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(4) Superimposed cylinders. Two piston rods 
connected to one crosshead and connect- 
ing rod, one slide valve for two cylinders. 
H.P. cyl. on top for passenger engines, 
L.P. above for goods engines. 


(5) Duplex or articulated. Two sets of 
coupled wheels (one or both in pivoted 
truck frames), one set driven by high- 


pressure, one set by low-pressure 
cylinders. 
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LOCOMOTIVE SUPERHEATING. 
Although superheating is, and has been for a long period, 


a standard feature of stationary steam eering, it is 
essentially a modern development as applied to locomotive 
engines, by reason of the fact that condi are so different 


from those which apply to other branches of steam practice, 
It is for this reason that the locomotive superheater differs 
vitally from nearly all otber types of apparatus; and this 
difference is emphasized by the iact that in locomotive prac- 
tice high superheat, ranging up to about 260° F., and giving 
steam temperature of from 650° to 680° F., is now stan- 
dard, whereas in stationary plants 150° of superheat is 
about a usual maximum, higher temperatures being more 
or less exceptional. And when it is borne in mind that 
dimensional restrictions, variable conditions of working, 
extreme demands, simplicity and reliability are governing 
factors in loconiotive practice, it is easy to understand that 
the development of a superheater expressly designed for 
locomotive purposes has been necessary before superheating 
could be accepted as a practicable proposition for adaptation 
to varas locomotives. Trial equipments of one kind 
or another have been numerous, some of them dating to 
very carly days; but modern superheat apparatus is 
essentially a development of modern locomotive engineering 
and progress. 

The principle of superheating is very simple—to heat the 
steam, after it has ceased to be in contact with water, above 
its generation tem ture. By this means three results are 
attained. First the water of saturation is converted into 
steam, Secondly, a reserve of heat is given to the steam, 
whereby many causes, which with saturated steam result in 
condensation and loss of heat, are provided against. These 
two phases may also be considered as representing the 
taising of the heat value of the steam. thereby compensating 
for losses which readily occur with RER steam, and in 
this way adding to its working value. The low thermal 
conductivity of the steam is another factor against ready 
condensation ; though it also militates against the free 
transmission of heat to the steam while being superheated. 
The third aspect is that of volumetric increase, whereby 
a given volume of saturated steam becomes, when super- 
heated, a greater volume of superheated steam, 

There are various ways of regarding the actual conditions 
which apply in the case of superheated steam, but it is 
ze. that {һе best course is to consider it as steam pro- 
du by two-stage generation, the first stage occurring in 
the boiler and the second in the superheater, the result 
being that a certain expenditure of heat supplies superheated 
steam having a given working value, volumetric increase 
being concerned incidentally in the superheating stage. 
It may, perhaps, be argued that the same amount of heat 
when applied only to steam generation will produce а volume 
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of steam which should have the same heat value, and that 
this should give the same working value. In practice, how- 
ever, this is not the case, as saturated steam is always pecu- 
liarly liable to condensation on the slightest provocation, 
the saturation water is not eliminated nor is it usefully em- 
ployed, and the conditions are such that the heat ше is 
not equivalent to the working value. With superheated 
Steam, largely in proportion to the degree of superheat, 
there is a nearer approximation to equality of heat and 
working value, many sources of loss are reduced or eliminated, 
the steam is in a condition to give greater efficiency, and 
economic criticism shows that a given expenditure of heat 
can be utilised to greater advantage if ғарма to steam 
generation and steam superheating, than used only to 
produce saturated steam, 


This view of the matter is in close accordance with practice, 
in that locomotives equipped with high degree superheaters, 
as is usual now, rarely provide an Meet to non-super- 
heater practice, unless generation and superheating are con- 
sidered together on the two-stage basis. A smoke-box 
superheater is an addition to the boiler, and allows of super- 
heating being separated from generation, But it docs not 
allow of any very high degree of superheat being attained, 
because if there is much heat available for utilisation when 
the furnace reach the smoke-box, it follows that the 
boiler itself not utilising its proper proportion, And if 
the superheater is allowed to monopolize a pr on of the 
heat in this way in order to give reasonably high superheat, 
there are better methods of effecting the same result. Smoke- 
box superheaters, such as the Baldwin, Phoenix and other 
designs, have indeed given fairly satisfactory results up to a 

int, and in this respect they may be regarded as more or 
ess equivalent to superheaters used in stationary practice; 
but they have not gone far enough—hence the general 
favour of high degree apparatus. As a rule they will not 
give more than about 150° of superheat, and in most cases 
alout 100° may be regarded as the maximum. 


High superheat entails the conversion of all the water into 
steam, reserve of heat and volumetric increase. The two 
former aspects are of importance, but the latter is the con- 
trolling factor. A superheater boiler of given steam genera- 
tive heating surface—usually less than that of a corresponding 
non-superheater—produces from a given weight of water a 
volume of superheated steam which is from 25 to 35 per cent. 
larger than that actually generated; and, by virtue of the 

or condition of the steam, largely Íncreased working 
value is realized. It may be argued that the heat value per 
unit of volume should be ncarly the same, whether the heat 
be devoted solely to generation or рылу to generation 
and plu to superheating; but in practice it is found 
that highly superheated steam is able to show superiorsteam 
€ po n RE M тайса Waya tho 
results given are very strongly in favour of superheated 


185 


steam, not only in res of water consumption, but also as 
regards fuel consumption and the capabilities of the engines. 
The fact that given boiler dimensions provide a larger volume 
of steam when fitted with a superheater has also enabled 
pressures to be reduced and cylinders enlarged, while pro- 
viding the same or greater haulage capabilities in the engine 
as a whole, 

The case for superheating may therefore be set forth as: 

(1) Saturation water is evaporated. 

(2) A heat reserve is given to the steam, 

For high degree superheating it becomes stronger :— 

(3) Substantial volumetric increase is realized ; , 

(4) The steaming value of a given boiler is raised, thus 
enabling a more powerful engine to be produced without 
seriously increasing its dimensions. 

(5) he use of standard locomotive designs can be 
continued, if adapted for superheating, whereas otherwise 
it would be necessary to introduce larger classes ; 

(6) Steam pressures can be lowered and cylinders еп- 
larged to give the same tractive effort as with saturated 
steam ; 

(7) Superheated steam can sometimes be utilised to 
greater advantage as regards the steam cycie in the cylinders 
than is possible with saturated steam. 

Against these can be set the following factors :— 

(а) The superheater usually entails modification of the 
boiler, and may require, if for high superheat, the use of 
piston valves, special packings, mechanical lubricators and 
other adjuncts, 

(b) Its first cost has to be taken into account as well 
as other aspects of expense covered by (a). 

These can, however, be simply answered by stating (1) that 
the cost of the superheater and other special fittings are all 
associated with the economics of superheating, which require 
to take account of these aspects as well as of fuel and water 
savings; (2) piston valves and other details are considered 
good practice apart from superheating and are equivalent to 
parts which must be used in any case; (3) if an engine is 
enabled to show greater efficiency or becomes equivalent to 
an otherwise larger engine these aspects cease to count; and 
(4) standard superheaters are now so efficient and free from 
liability to failure, that apart from first cost—iu itself a vi 
moderate factor—the expenses of maintenance are very small. 

Та! the situation аз a whole, therefore, it must be 
admitted that the high degree superheater has abundantly 
justified itself, has shown its economic and operating value 
in a marked degree, and the fact that it is now uscd for many 
thousands of engines of all classes, in virtually every country 
and on almost my of importance in the world, is 
proof that it satisfies economic, maintenance and operating 
requirements and does indeed realize notable economics in 
fuel and water consumption besides materially addlag to 
the capabilities of locomotives to which it is fitted. 
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As indicated, the smoke-box superheater is not now largely 
used. The Phoenix and Baldwin designs were in most favour, 
with a few other superheaters or steam-dryers (such as the 
Drummond apparatus formerly used on some British Railways 
and the Buck-Jacobs apparatus used for large articulated 
engines in the United States. Most other superheaters are of 
fire-tube type, with U-tubes extending from a header in the 
кокс into large tubes їп the boiler, well towards the 

ebox. 

In the well-known утра атая superheater the elements аге 


of double-looped t giving a four-fold steam path, and 
are attached to the chambered header by flanges permittin ting 
of ready removal and attachment. The tubes are expand 


into the header casi ‚ access being obtained by means 
of a removable cover plate. On the London, Midland and 
Scottish Railway, Mr. Hughes employed a design with 
separate headers for saturated and superheated steam, to 
which the respective lengths of ча ra rd tubing are con- 
nected. The Superheater Company have introduced a special 
valve to allow of steam being passed through the super- 
heater while the engine is standing and thus overcome the 
difficulty that, on starting, an engine has not кана 
been able to raise its superheat. This also 

of the damper mechanism being dispensed with. On the 
L.M.S. the Fowler-Anderson valve is employed, wheteby 
superheat can be raised while standing to meet the 
conditions of goods and stopping train working. 
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THE CONSTRUCTION 
OF A “LOCOMOTIVE ТҮРЕ” BOILER. 


BOILER SHELL.—The boiler-barrel plates are lined off to 
finished sizes, position of rivet-holes marked where neces- 
sary, machined on edge and a few “ tacking ” holes in each 
pu drilled ($ in. smaller than the rivet size). The circum- 
erential rivet-holes are marked on the outside of plates 
which are to form the outer ring. The Soma pastos is 
partly knife drilled out and the rivet-holes for dome-joint 
are drilled ру in. smaller than rivet size. The plates are next 
passed through the bending rolls and bent true to the re- 
quired diameter. Dee Sta Ps dome-liner, angle- 
bars, etc., are machined to size and all rivet-holes are drilled 
in the outside joint-strips. A few “ tacking” holes are 
drilled $ їп. smaller than rivet size in other pieces. These 
раси are where necessary then next bent to diameter, 

e angle-ring at smokebox tube-plate is turned to size 
and barrel-joint rivet-holes marked. The holes for the 
attachment of tube-plate are drilled to templet. The 
smokebox tube-plate is flanged to shape, machined on edges 
and all holes drilled to templet. The holes in dome-base 


BOILER SHELL, ASSEMBLING AND ПГипллхс.--АП parts 
of boiler and outer firebox-shell are assembled in position 
and secured by “ tacking" bolts. The complete shell is 
then centred on the trunnion carriage of the boiler-shell 
drilling machine and all rivet-holes ‘‘ position drilled ” 
through the solid plates and the holes previously drilled in 
the wrapper-plate and in the outside joint-strips act as jigs 
for holes through shell and inner strips. The plates are 
taken apart and all burrs removed. 


INNER Frresox.—The door and tube plates of the inner 
firebox are flanged to shape and machined on edges. All 
stay and rivet holes are drilled h in. smaller than tapping 
or rivet sizes. Tube-holes are drilled to templet. The 
covering plate is machined to size and all holes drilled except 
at corners of bottom-ring and top corners of box. All stay 
and rivet holes are drilled in. smaller than tapping and 
rivet. The prepared plate is next bent to shape. 
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Inner FiREBOX, ASSEMBLING AND DRILLING.—Tbe porte 
of inner firebox are assembled in position and all rivet-boles 
reamed to size. The box is placed in the boiler sbell and 
the bottom and firedoor rings inserted. The rivet-holes 
through rings form jig-holes for reaming. 


BOILER RIVETING, STAY1NG AND MouNTING.— The boiler 
shell with inner firebox after being separately riveted up, are 
assembled with firedoor and bottom-rings in position. The 
various parts are riveted up, the stay holes are reamed to 
tapping size, tapped, and stays fitted. The pressure brought 
upon each rivet is usually so tons, but is varied to suit the 
thickness of the plates and size of rivets, The plates are 
fullered by a broad faced tool actuated by pneumatic pres- 
sure. The boiler is set up on blocks and plumb lines sus- 

nded from the barrel and firebox. A straight edge is 
astened across the back plate and smokebox tube-plate and 
squared with the lines previously drawn on the plate. A 
line is drawn from each straight edge, thus giving the centre 
line of the boiler. Spirit-levels are used to set the boiler 
longitudinally and transversely so that the distance from 
с plumb line to the firebox-side can be checked on either 
side, 

Any twisting duc to riveting is at once located and reme- 
died, The screwed stays are now fitted, and the seatings 
for gauge cocks, injectors and mud plugs are faced up and 
tiveted to the shell. The boiler-tubes are put in from the 
smokebox end, gauged and then cut to exact length. 
The firebox ends of the tube are expanded and made tight 
=i driving in a tapered steel ferrule. The smokebox end 
of the tube is also expanded. The main steam-pipe is put 
in through the smokebox tube-plate and connected to the 
regulator at the dome. After the regulator rod and links 
are connected, and the various steam-supply pipes for 
mountings put in position, the dome base is jointed and 
bolted tight to the dome. The mountings are fitted to the 
boiler, after which it is prepared for testing. 


Botter Testıng.—Boilers are usually tested with 
hydraulic pressure to 50 per cent. over working pressure, and 
with steam to ro lbs, per square inch over working pressure. 
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SAFETY VALVES. 


The function of the safety valve is to ensure a discharge 
of steam from the boiler if the pressure increases above the 
permissible ** working pressure." 


The ideal valve would open with the slightest increase 
and close immediately the working pressure was again 
reached. In practice an allowance of 3 lbs. per sq. inch 
above and below can be attained, 


As applied to the boiler of a locomotive engine, the valves 
need only be of a capacity to deal with an evaporation at a 
moderately forced rate as the maximum evaporation is 
dependent on a blast which has to be maintained by an 
outflow of steam from the boiler. 


In locomotive practice it is, as elsewhere, of the greatest 
importance that the valves should be proof against being 
tampered with by the engine crew, 


The quantity of steam that will escape, through a square 
edged orifice, from a boiler into the atmosphere, may be 
found approximately hy Napier’s formula, as under, viz. :— 


Let P Absolute pressure in Ibs. per sq. inch, 
А =Area in sq. inches of discharge opening. 
Е =Flow of steam in lbs. per hour, 
Then Е =51:45 Р.А. 
In ordinary cantos two valves 2$ inches dia. having a 
lift of 1/16 in. have been found of sufficient capacity for a 
th 1,500 square feet of heating surface and 22 square 
feet of grate and working at a pressure of тбо Ibs. per sq. inch 
(i. e., an absolute pressure 5f 175 Ibs.) 


Circumference of the two valves z x 24 X 3*1416— 15-708, 
Area of discharge opening 715-708 x 1/16 —-98. 
Е--51-43 P. A. 51 · 43 * 175 X-9°=8,820 lbs. per hour, 


8.8 
Discharge persq. ft.of heating surface T sco 5-81Ь5. per hour 
8,820 
” ” grate area „ „ 


Relative to this result for the grate area, the coal burned рег 
square foot of grate at an evaporation of 8 Ibs. steam per 


pound of tuel would be 4$ = 50 Ibs. per hour, and this is 


much in excess of a moderately forced rate, 
Formulating, however, on this as a safe basis where 
H=heating surface in square feet, 


spa BA L 5-8 


А 5:8 H s 
= 51-43 P. 


then 
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Further let D = Diameter of valve in inches. 
N =Number of valves. 
L =Lift of valve. 


A 
then A =3-1416 D. N. L. and D. N. 3.7426 
Бары 5:8 H. ibo. H -036 H. 
v = gu416X5143 PL = 27-8LP "ЕР: 
This latter formula cointides with the ne of the U.S. 
Association of Master Mechanics, 


It will be evident, in basing the ee on heating- 
surface, that for the case of the very long boiler tubes, a 
great part of which (at moderately forced rates "), have a 
very low evaporative valve, it may be sufficient to take 
only the surface due to a length of about 17 ft. 


The heating surface to be taken is, in any case, exclusive 
nf superbeating surfaces. 


Example: Boiler working pressure 185 Ibs. (200 absolute). 
Heating surface 2,000 sq. ft. Valve lift 1/16 in. 
*036 H *036 X 2,000 


Р.М. = ГР = 200-1:/16 "576 
р N. à 
For N =1, the valve is 5-76 dia, say 6 in. 

» =2, ” » 2:88 „  3in. 


» N =, „ „ 9 „ ain. 

Spring- "loaded (valves are the only t in use on loco- 
motives, The * Ramsbottom," a duplex valve with the 
loading spring in tension, was generally adopted in British 
and Continental practice. 

Valves directly loaded m springs in — are 
now generally used and that class are “Pop” 
valves mentioned later. 


For valves of the * Ramsbottom" type, the formula 
(modified from D. К. Clarke's) for the strength of springs 
in ға is as under, vis. :— 

— Dia. of coil (centres) in inches. 
=Dia. of wire in sixteenths of an inch. 
W =Load on spring in pounds. 
then s3 d w а 
п 53 = or s 
For the extension of the spring the formula is :— 
Let E Extension of spring in inches. 
с тышын of coils. 

then E = 22 
or where W is the load as ascertained in the above strength” 
formula : 


T 


тот 


The table herewith gives а few ordinary values from these 
formulae :— 


i | | Exten- | 
Wire | Coil Load Number sion Load per 
diam. | centres. in of per given) extension of 

Ibs. coils. load. 2 in. 

In. In. In. 
490 6 82 37 Ibs. 
2 620 6 1:09 36 „ 
2 920 6 0-96 60 ,, 
3 1100 6 122 56 ,, 
3 1500 6 1:10 85 ,, 
2000 6 10 125 „ 
3 2400 6 1:08 140 ,, 
š 3 6 1:15 150 ,, 
4 3100 6 1°40 140 ,, 
1 3600 7 1-72 130 ,, 
1 4 4100 | 7 1-81 140 „ 
il 4 5000 7 1:70 180 „ 
1 4 5800 в 1:84 200 ,, 


In the last column, the approx. load is given, which will 
produce 1/16 inch extension of the spring, or allow for 1/16 
inch lift of the valve or valves. us, in the case of a 
“ Ramsbottom ” safety-valve, with two 2% in. valves (area 
4:9) for 150 Ibs. per sq. inch working pressure, the load on 
the spring (neglecting the weight of the valves and lever) 
would be 2x49x150=1,470 Ibs. A spring suitable for 
this load is 52 in. wire given іп the table, with 1/16th in. 
extension for Ibs., and this load on the valve-areas is 


85 
equivalent to a pressure 012 45 49 = 86 Ibs. рег sq. inch. 
For a discharge area based on a lift of 1/16th inch this spring 
would thus involve an increase in the blowing off " pressure 
from 150 to 158°6 Ibs. 

For comparison, take further the case of a “ Ramsbottom ” 
with two 3} inch valves (area 9.62) for 180 Ibs. per sq. inch 
working pressure. The load on the spring (as above) would 
be 2 х9%52 x 180=3,463 Ibs. A spring suitable for this load 
would be that with 15/16th inch wire given in the table, with 
1/16th inch extension for 130 lbs. and this load on the 


1 
valve-areas is equivalent to a pressure 01 27954 =6.7 Ibs. 


г sq. inch. If a spring with 3} in. centres were substituted 
аз actually occurs in practice) with the 15/16th in. wire, 
the load for 1/16th in. extension would be about 300 Ibs. 
and the corresponding pressure equivalent would be 


300 б 
2ху.612 =15 Ibs. рег sq. inch. 
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It will not escape attention that the capacities of the 
valves are not, as usually assumed, proportional to their 
areas, which аге in these examples nearly 1:2, but to their 
diameters, lifts and boiler pressures, For the e valves 
the discharge opening is 0°98 square inches and the capacity 
at 150 Ibs. working pressure is 8,316 Ibs. per hour (approx.). 
For the 3j in. valve tbe discharge opening is 1°37 sq. in. and 
the capacity at 180 Ibs. working pressure is 13,782 Ibs per 


hour CES 

The “lift” of the valve, as above considered. is that 
effected by the pressure of the steam on the net area of the 
valve. This lift can be increased by utilizing the energy 
of the escaping steam. 

Thos. Adams invented the well-known valve, the 
“ Adams'" valve, which attained this object. He added 
a lip on the valve, directly above its joint face, to intercept 
the current of steam. It has to be noted, however, that the 
size of this lip must be such that, while effecting an increase 
of the lift it should not be so large as to retard the closing 
of the valve when the pressure fails. 

The special feature of the “ Pop" valves meets this 
difficulty. In combination, usually, with the Adams’ li 
valve, they have an adjustable annular ring (forming wit 
the lip а cavity called the Huddling Chamber) attached 
to the valve seat and by means of this ring the outflow can 
be regulated to ensure a quick and full opening and a closing 
of the valve at from 1 to 2 lbs. per sq. in. of a fall below 
the working pressure. 

The Ross Patent Muffled Pop," with similar efficiency, 
also uses the Adams’ lip, but the opening and closing are also 
affected by a secondary (piston) valve, at the top of the 
valve casing, which is subjected to the pressure of the escap- 
ing steam as controlled by an adjustable outlet. 


REGULATOR OR THROTTLE-VALVE, 


It has now become general practice to arrange the regulator 
in the dome. There still exist, however, examples of what 
may be termed the Stirling * method in which the valve 
is fitted on the tube plate inside the smokebox. Тһе 
Continental method of a special valve-chest fitted on the 
top of the boiler barrel (involving the use of outside branch 
steam pipes to the cylinders) is still largely in evidence, but 
seems to be in process of being discarded. 

Preferentially the dome, with the regulator, should be 
located on the boiler over and near the centre of evaporation 
—reckoning the evaporation surface at the firebox as having 
an efficiency of about 40 per cent. ? 

Four types of Regulators are аб present in considerable 
use, vir, (1) Slide Valve. (2) “ Double-beat " or double 
disc sea valve. (3) Single disc with easing valve. (4) 
Servo“ or fitted with steam assisting gear for operating. 

(1) The Sutpe-varve ТУРЕ is the one best known іп 
British and Continental practice. 1% consists essentially of 
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the swan-neck steam Fire with a vertical port-face on which 
is fitted the main sli On the back of this main slide is 
fitted the smaller slide or easing valve. The opening and 
closing of these valves is спасу the rotary movement 
of a shaft (“the regulator rod"), which at the front end is 
connected to the valves by a lever and link and which at 
the cab end is fitted with the engineer’s operating handle. 

(2) The “ double-beat” valve has also been largely 
adopted on British locomotives. In the United States it is 
generally adopted. In this type of regulator the “ swan- 
neck” carries the valve-chest. The valve itself has two 
disc faces, one of which fits on the top opening and the 
other on the bottom opening of the chest. The discs and 
their connecting stem form one — and necessarily, to 

rovide for a cover-joint the lower disc (which must be 

inserted through the top opening) is of smaller diameter 
than the upper one. is valve, therefore, when under 
steam pressure is not in equilibrium. 

As an example :—I the diameter of the opening under 
the lower valve is 5” the valve itself over the joint face will 
be 51”, the top opening 54” full, and the top valve 53°. The 
unbalanced area is that due to the difference between the 
areas of the 5” diam. and the 54” diam. or 4-12 square inches. 
The unbalanced load with the steam pressure at 180 Ibs. per 
sq. in. would be 742 Ibs. The gear for о ting these 
valves, in British practice, is similar to that above described 
for slide-valve types. For the example here given, if the 
engineer be su to exert a pressure of 26 Ibs. on the 
ра handle, the leverage required іп the gear for 
lifting 742 Ibs. would be 742/26, or, say, 25 to 1. This 
leverage is only necessary for starting“ the valve and is 
usually arranged for by fixing the short lever on the shaft 
so that the “shut” position it hangs almost vertically, $.e., 
as near to the “dead centre“ as permits of an allowance 
for a drop of the valve due to wear of its faces. 

In U.S. practice with double-beat valves the gear is 
arranged to suit a “ pull“ handle for opening the valve. А 
bell-crank lever connects the pull rod with the valve link. 
The steam pressure on the unbalanced area (at the stuffing- 
box) of the pull rod assists the opening of the valve. In 
U.S. practice it is also usual to allow a much greater cover- 
joint up the valves than in British, and consequently 
the unbalanced area is also comparatively greater. As 
an example :—With an unbalanced area of 9 square inches 
at 180 lbs. per sq. in, steam , the unbalanced load 
is 1,620 lbs. If the bell-crank leverage is 6 to 1 and the 
pull-rod area 1-22 (1}” diam.) sq. in. there will be a lifting 
pressure оп the valve of 1-22 x 6 x 180 or 1,320 Ibs. and the 
nett load to be operated on by the engineer 1,620—1,320 or 
300 lbs. can be manipulated by means of a handle leverage 
of 300/26 or, say, 12 to 1. 

The Lockyer” К tor is of the double - beat type and 
eflects equilibrium. top and bottom discs are separate 


н 
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rts united by the centre spindle. The bottom disc is 
nserted into its position ен a door, specially vided 

for this purpose, in the side of the valve-chest. е discs 
can thus be made of equal diameters. There is no unbalanced 
area and the valve can be very easily manipulated. 

Another satisfactory regulator of retent design is that 
known as the Owen Valve, which is a double beat equilibrium 
valve of simple construction designed to have a minimum 
clearance of 1^ at the top valve for expansion, this being made 
possible Ms aruis introduction of a piston type valve which 
allows the bottom valve to lift a determined distance before 
the top valve lifts up. 

@ The single-disc with easing valve. This type, though 
in limited use as a regulator valve, is in very extensive use 
on the Continent for general purposes such as injector-steam 
valves, etc. Its application as a regulator consists in a 
vertical steam pipe, in the dome, with its top end covered 
by the main valve and with, in the centre of the main valve, 
a small easing valve. In operating, the smaller or easing 
valve is first lifted for starting“ porposs. and then the 
main valve for fuller admission of steam. The gear is 
similar to that employed in British practice, but the engineer's 
handle must be fitted with a detent to avoid the closing of 
the valve by the action of the inflowing steam. 

The “ Zara” type regulator is an improved form of the 
single disc type and has had a considerable adoption on 
Continental engines. In its simpler form it resembles 
the ordinary double-beat, but the extended lower part 
of the valve is a loosely fitted guide piston and does not 
serve for steam admission. 

(4) The “ Servo” type regulator (Hulburd's) has also the 
swan-neck form of steam pipe (as in the double beat) forming 
the valve-chest. The main valve is a differential piston, 
the trunk portion projects into the valve-chest and the part 
of larger diameter is fitted into a cylinder which forms a 
lower t of the chest. The cover of this cylinder is per- 
forated with one small hole. Both faces (exclusive of the 
trunk-face) of the piston are under the boiler pressure, the 
— post > the larger area holding the piston valve in its 
shut tion, 

The valve is operated by means of a small pilot-valve 
fitted in the centre of the piston. Steam can, through a move- 
ment of the pilot, be allowed to escape into the steam pipe 

е 


from the cylinder, the re in which acts on ( 
large face of the piston. supply of steam to this cylinder 
is limited to what can pass through the small hole in the 


cover. When the pressure therein drops, the piston leaves 
the valve face and an additional supply of steam enters the 
steam pipe. By further movements of the pilot the position 
of the piston or valve opening can be modified to suit the 
demand. The effort requi from the engineer to open 
this regulator is confined to the opening of the pilot; it is 
very smal] and in fact cautions have to be taken to 
prevent the use of excessive force. 
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ТНЕ ЕКАМЕ. 


In the original locomotives, the Boiler formed the framing 
for connecting together the cylinders, wheels, etc. 

When framing emerged as a seperate entity, only iron bars 
or small iron sheets were obtainable for its construction. 
The use of bars, although introduced by Bury, one of the 
most able pioneers in locomotive construction, was only 

in a few instances in England. In América, at 
that time remote from other manufacturing processes, the 
country smithy "’ could ensure ا‎ and it has 
there becomé the standard met of construction. In 
қаран the manufacture of iron sheets made steady progress 
and the plate frame is to-day the standard European method. 

In the U.S. practice the manufacture of the bar frame 
has outgrown the resources of the very extensive smithies, 
which have been therefor specially organized. For the 
heavier engines steel castings are now employed. In Great 
Britain many engines with “ bar’ frames have been con- 
structed for foreign or Colonial railways, but in these cases 
the frames have machined out of rolled steel slabs of 
the uired thickness. 

In European practice each main frame plate has been for 
many years obtainable in steel, solid іп опе piece of a 
length suitable for the most powerful engines. 

ith respect to the relative merits of the two methods of 
construction, claims have been made as to the one method 
serving to adapt the engine to respond more readily to 
irregularities of the road surface, and, as to the other, to 
greater flexibility in adapting itself to curvature of the road. 
It may be true, and probably is true, that the bar frame did 
so respond, but the bar frame was never designed to act as 
a spring. Portions only of it could so act, with the result 
‚of ** fatigue’ and brea! at the junction of the springing 
and the stiff portions. milarly with the claim for the 
flexibility of the plate frame. With the light engines of 
earlier days these claims might be asserted. With the 
чы ged of to-day it is clearly understood that vertical flexi- 
bility is a function to be entirely undertaken by the bearing 
er ase ch woe red M — to 2 er 
undertaken by the flex ty oft w! ase play 
ы, cesestbility fi f ой! d 

to moving parts, for purposes of oiling ani 

repair work, was See | as an important feature of the bar 
frame. With the very general adoption of the outside valve 
gear that claim has lost its force, but it may be noted that 
the most extensive use of the plate frame occurs where not 
merely the valve gear, but the main driving gear (piston rods, 
crossheads, connecting rods) is between the frames. 

The Framing (or, to borrow a more expressive word from 
the motor world, the“ Chassis) of tbe locomotive — — 
has three functions to perform, vis. :—to support the г, 
to form the bedplate for the cylinders, axleboxes, bogies, etc., _ 
and to transmit the buffing and tractive forces. 
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The chief stresses to which the framing is subjected may 
be classified thus, viz. :—(1) At all wheel centres, it has to 
resist the horizontal] force due to the pressure of the wheel 
flanges against the rail. (2) At the part to which the 
cylinders are attached it has to resist the bending moment 
due to the steam pressure on the cylinder covers (alternately) 
at the overhung distance of the cylinder centre from the 
frame. (3) At the connection between the cylinders and the 
main axle the alternating tension and compression stress 
due to steam pressure on the cylinder covers and the resis- 
tance at the main axleboxes, and similarly of those due to 
the action of the “ reciprocating parts of the motion, (4) 
At the part of the frame on which the axleboxes of the main 
axle are supported, the transverse stresses due to the alter- 
nating pressure on each of the two sides of the engine. (5) 
The vertical bending moments when the engine is being 
lifted by chains attached to the extreme ends of the frame, 
due to the weight of the superstructure (boiler, cab, etc.). 
(6) The tension and compression stresses due to the trans- 
mission of traction and buffing forces. 

The constructive arrangements employed as a provision 
for these stresses may be indicated generally as consisting of 
a thorough bracing of the frames. With inside cylinders or 
with outside cylinders each combined with a * half saddle 
(as іп 17.5. practice), the important stresses under (2) are 
very thoroughly provided for. In the latter case, however, 
it entails a complex cylinder casting, The provision of a 
saddle casting with backward extension flanges, or of trans- 
verse plates, viz., a horizontal plate at the level of the top 
of the cylinder flange, extending from the buffer beam to 
some distance behind the cylinders, and a horizontal plate 
at the lower flange, extending at least for the length of the 
flange, and vertical plates at each end of the cylinder connect- 
ing the top and bottom plates and the frames. In bogie 
engines the bottom stay is usually a steel casting which 
carries the centre pivot. Cross stays are fitted at the slide- 
bar bracket (in inside cylinder engines the bracket itself 
forms the stay) also about the main axle and at the pivot 
centres of the compensating beams of the spring gear. The 
front buffer beam is an important frame stay. If side 
buffers are to be fitted, the beam should be stiffened by gusset 
plates to the outside of the frame, by the platform plates and 
the latter (reinforced by a strong angle bar on its outside 
edges) should form a longitudinal stiffening for the main 
frame. The design of hind draw-box is usually governed by 
considerations as to the distribution of the weight on the 
various axles. Where light weight is necessary it is built of 
plates. Where the balance” of the engine uires the 
addition of weight at the hind end, it takes the form of a 
casting of such weight as to effect the required movement of 
the centre of gravity of the engine. 

Bar Frame, In U.S.A. practice these frames are usually 
from 4 inches to 4} inches thick. In recent practice for 
heavy engines, where steel castings have been adopted, much 
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thicker frames are required. For the Pennsylvania Ry. 
2-10-0 type with 3017 x32° cylinders and 250 Ib. working 
pressure, the castings are about 45 ft. long and weigh about 
10 tons each. The section of the bar over the horns is 74” 
thick by 94” deep. The top member is 77 х8” and the 
Eg member 7° x6", At the cylinders the section із 

*x20*. 

In engines with hind trucks the frame is usually jointed 
behind the coupled axles. In an example of this class, the 
2-8-2 type with a main frame section at the horns of 6* x 7^, 
the extension to the rear end is 2}” x 12” to 13* deep. With 
forged frames the bar to which the cylinders are attached is 
jointed to the main frame in front of the coupled axles. In 
an example of this class, the 4-4-2 type (Pensylvania Rly.) 
the main frames are 44” x 51* over the horns; the top rails 
аге 47 x6]1*, and the bottom rails 4“ x54^; the front bar 
takes slab form 3* x 15* at the cylinders. 

Plate Frames. The thickness of the main frame plates 
varies from 1” in light engines to 14” in the heaviest class 
now built. 

The section of the frame over the horns varies from 12* in 
light engines to from 18” to 24” in the heavier classes and, 
especially in the latter class, is reinforced by the horse-shoe 
type horn-blocks of strong section. 

e transverse stays generally take the form of steel 
castings. 

General. The types of framing are known as Inside 
Frames," in which the main frame plates are on the inner 
side of the wheels, and ** Outside Frames," in which they are 
on the outer side. The latter type is now in use only on 
narrow gauge engines; the main bearings of the axles are 
on the outer side of the wheels thus involving the use of 
"outside cranks"; the cylinders are at a wider pitch 
relative to the rail gauge, and this tends to unsteady running. 

In the more powerful engines on narrow gauge railways, a 
combination of the two types has been successfully adopted. 
At the coupled axles the main frame plates are on the inner 
side of the wheels and the hind extension frame plates are 
on the outer side. The two framings are either directly 
connected at the front of the firebox or by a transverse steel 
casting. Theadvantage of this combination is that it permits 
a pe width of firegrate while retaining the narrow pitch of 
cylin 


ers. 
VALVE GEARS. 

The ideal valve-gear should give (1) Full steam admission, 
with quick opening and closing for all ratios of “cut off.” (2) 
Full opening to exhaust for the whole period before com- 
pression begins. (3) Pre-admission of steam before the end 
of the piston stroke. 

Link-motions and radial gears have not, as yet, been able 
to fulfil these ideal functions. They give high mechanical 
efficiency, are simple in action and easily kept in good work- 
ing order. Gears with “cam” or similar action give results 
more closely approximating to the ideal, but it has yet to be 
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fully demonstrated that in practical working they have the 
requisite mechanical characteristics. 

he systems of link motions associated with the names of 
“Stephenson,” “Allan” and “Gooch” are so well known all 
over the world, and are dealt within so many text books, that 
тетин Sm of them here is quite unnecessary; especially is 
this the case with regard to the "Stephenson" which, until 
about 1908, was the generally recognised gear for locomotives. 
The “Allan” never attained any great popularity apart from 
its adoption where its light aa esata of sufficient import- 
ance, е “Gooch” has long since disappeared from practice 
except for cases on design for which its special features were 
a recommondation, as, for example, the Corliss valves in the 
*Durant-Lencauchez’ system. 

Similarly the “Walschaerts” or Heusinger“ gear, which 
since about 1908 has been gradually asserting its supremacy, 
does not require here more than a general reference, In- 
vented in 1844 by Egide Walschaerts in Belgium, and 
independently a little later by Heusinger von Waldegg in 
Germany, it attained to considerable use in these countries, 
and was also adopted to some extent by British builders on 
locomotives built for export. With the advent of the 
large Mallet“ articulated locomotives in the U.S.A. came 
the necessity there for an entirely outside motion as dis- 
tinguished m one with inside eccentrics and reversing 
link with rocking shaft and with outside valve-rod to outside 
cylinders. Its accessibility on the engine and the light weight 
of its parts for handling gained for it a quick recognition of 
its suitability for that general adoption which has t: lace. 

The dual function of the valve gear mechanism, viz., a 
constant lap and lead movement with a variable steam 
admission, is, in the Walschaerts gear, separated, The lap 
and lead lever (or combination lever) is worked from the cross- 
head and the reversing link (which gives variation of the cut 
off as well as reverse) is actuated either from a return crank 
or an eccentric pulley. 

Many modifications of the Stephenson and Walschaerts 
gears ve been proposed and several are in use, Their 
characteristic feature, patent numbers, or a reference to а 
publication when a description may be seen are here given. 


LINK MOTIONS. 

Anderson, A Stephenson gear actuated by a return crank 
with double driving pins instead of eccentrics.—'' Locomotive 
Cyclopedia,” 1922, р. 497. U.S.A. 

Younghusband (1897). A double eccentric motion with 
cross rods, It has a straight link with shifting valve rod. 
It is stated to give quick openings and constant lead. It 
was tested on five N.E Ry. passenger engines for three years 
with a reported saving of 14-8 per cent. of coal. 

J. T. Marshall. A double eccentric motion with cross rods. 
It has a curved reversing link of the Gooch type with shiftin 
valve-rod. One eccentric is directly opposite the crank an 
its rod connects to centre of the reversing link and thus 
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controls lap and lead motion. The other eccentric, fixed at 
about 90° behind crank, actuates а bell-crank lever rocking 
on the reversing shaft. The horizontal arm of the bell crank 
lever is connected by a link to a trunnion bracket in the 
reversing link. Fitted to a G.S. & W. (Ireland) locomotive 
and reported to have effected a saving of 15 to 20 per cent. 
of coal.—''Engineer," Vol. c., p. 436. 

Durant-Lencauchez. The ch” valve gear is here 
used and actuates four Corliss valves, two admission and two 
exhaust per cylinder. The two valve-rods driving these 
valves work in the same guide, and are connected with each 
other by the two reversing links. These links are controlled 
by the same reversing shaft. All valves are double ported. 
Seventeen express engines were so fitted on the Paris and 
Orleans Ry. in 1894.— Engineering,” Vol. Ixiii., p. 291. 

Young. The peculiarity of this gear lies mainly in its 
application for working two Corliss type valves per cylinder, 
each valve serving for steam admission and for exhaust, i,e., 
a valve is ig, зе on the top of and at each end of the 
cylinder. The “Stephenson” link motion with rocking shaft 
is utilised. From the arm of the rocking shaft, the valve-rod 
connects with a T lever situated between the valve casings. 
From this lever the movements of the wrist plate are actuated. 
—"'Engineer," Vol. c., p. 380. 

Alfree. This is a “Stephenson” link motion with a supple- 
mentary gear, actuat from the crosshead. The link 
motion is of the old U.S.A. type with rocking shaft, The 
valve-rod pin has an eccentric pin connection to the rocking 
shaft lever. On the outer end of this eccentric pin a pinion 
is fixed gearing with a se: ted rack which rocks on the 
main rocking shaft. The double lever actuated by the cross- 
head is connected by a rod to this segment. The slide valve 
and cylinder ports are specially constructed to suit this gear. 
About fifty engines , in 1905, been fitted. Engineer,“ 


Vol. c., р. 380. 
WALSCHAERTS GEAR. 

Kitson. (Patent 4512 of 1879) is а “Walschaerts” in which 
the drive for the reversing link is taken from the coupling 
rod to a horizontal arm on that link. . 

Beames. A modification of the “Walschaerts” gear to suit 
inside cylinder engines. The combination lever (lap and 
lead) is dives from an extension on the coupling rod instead 
of from the crosshead. The lever works through a guide 
spindle which, in turn, operates the valve rod through a 
rocking lever. Fitted to a L. & N.W. Ry. locomotive 
exhibited at the British Empire Exhibition, Wembley, 1924. 
“Engineer,” Vol. cxxxvii., р. 706. 

Golsdorf (Austria), Fitted “Walschaerts” valve gears in 
which the combination lever for the inside cylinder gear is 
worked from an extension of the coupling rod.—* Engineer,” 
Vol. Ixxxviii., р, 318. 

Baker (U.S.A.). This is a '"Walschaerts" gear in which 
the reversing link is replaced by Pa pivoted bell-crank coupled 
on one member to the valve and on the other to a 
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ndulum lever which engages the rod from the return crank. 

bracket supporting the bell-crank pivot also on a lower 
centre supports the swing link for the pendulum lever; an 
extension on the top end of this swing link connects to the 
reversing gear.—''Locomotive Cyclopedia” of 1922, p. 
48, U.S.A. 

Kingan-Ripken. A Walschaerts gear in which the 
combination lever is linked to an arm on the connecting-rod, 
near its small end, instead of to the erosshead. Itis claimed 
that it causes release, compression and pre-admission to 
occur later in the stroke with the same cut-off. It has been 
applied to a number of locomotives on the Minneapolis, St. 
Paul ans Sault Ste Marie Ry.— Railway Gazette," Vol. 
xxiii., p. 590. 

ie © This gear was fitted to several express locomotives - 
on the Midland Railway. The combination lever is of the 
“Walschaerts” type driven by the crosshead. The reversing 
link is driven y Ad crosshead on tbe opposite side of the 
engine as had n done in the Belgian “Stevart” gear. 
The die block in the linkis in top position on the one side of the 
the engine when that on the other side is at the bottom. 
—''Eugineer," Vol. civ., р. 286. 

Young. Inthissystem of “Walschaerts” gear the reversing 
linkis driven from the crosshead. The combination lever on 
the one side of the engine is driven from the top of the rever- 
sing link on the other side of the engine. The combination 
lever and the radius rod are connected to a lever attached 
to a double cross shaft, the inner part of which acts for one 
side and the outer, or tube, acts for the other side,—''Loco- 
motive Encyclopedia,” p. 547 of 1927. U.S.A. 

Jones, A “Walschaerts” gear with supplementary fitting 
to give a variable lead, consisting of a link interposed be- 
tween the top of the combination lever and a secondary rod 
from the reversing lever. The valve rod connection is taken 
from an intermediate point on the link. The top end of this 
link is guided by a quadrant.—‘“Locomotive Cyclopedia,” 


1922, р. 495, U.S.A. 

Berth (Paris Exhibition, 1910). А modified “Walschaerts” 
gear driving one admission and one exhaust piston-valve 
cylinder. Separate reversing links are provided for admission 
and exhaust valves: Variations in steam admission are 
regulated independently.—“ Engineering,” Ixx., р. 3. 

od. This gear is composed entirely of parts having 
positive ыра connection and no loose or sliding parts. Like 
the “ schaerts it has two drives, опе from a return crank 
and one from the crosshead. It was fitted to a 4-6-2 type 
locomotive on the Chicago & Alton Ry., U.S.A.— “Engineer,” 
Vol. cviii., раа: bd es ud 

Baguley. is gear belongs to class in whi ap 
and lead movement and the variable valve-travel are com- 
bined. The reversing link and valve-rod are similar to the 
“Walschaerts.” The drive is by а rod, direct from the main 
crank pin, which is connected at its front end to a lever on 
the reversing link trunnion. The trunnion is eccentric. 
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From an intermediate point іп this driving rod, a vertical 
link actuates a horizontal arm on the reversinglink. For full 
description see “Engineering,” Vol. lix., р. 741. 

Bonnefond (Paris Exhibition, 1889). * Walschaerts ” 
system, working two admission and two exhaust valves on 
each cylinder. The reversing link drive is taken from a cam 
on the end of the crank pin. The point of cut-off is arranged 
independently of the reversing link, by a spiral cam the 
position of which is adjusted through a bevel pinion.— En- 
gineering,” Vol. xlviii., p. 710, 

Lentz. In this system, a “Walschaerts” gear actuates a 
lever on a cam shaft which operates four 1 
two steam and two-exhaust, for each Огур valves 
and cam gear are enclosed in a valve- t attached to the 
top of each cylinder, The valves are double-beat pattern 
and are arranged horizontally, their centre line being parallel 
to the piston-rod, Anillustrationis given of the arrangement 
of the valves and cam gears. This gear has been fitted to 
a number of locomotives both in this country and abroad, 
and is reported to have given successful results. In the 
older form of the LR and the valves were arranged 
vertically, and were actuated by a sliding rod with inclined 
planes. A great number of locomotives were fitted therewith 
and have been working on Continental railways chiefly in 
Austria and Germany, 

Fidler. Walschaerts“ type. The reversing link has а 
horizontal arm actuated белсен by a return crank which 
is set opposite to the main crank pin. On the end of the 
valve spindle a double lever is pivoted; the valve rod to 
the reversing link is connected to the top centre of this lever, 
the bottom centre of the lever is connected by a rod to an 
intermediate point on the driving rod from the return crank. 

„Ouest“ Railway (France). А ''Walschaerts"-*'Joy'' gear 
was applied on this railway system during 1891-6 to some 
4-4-0 express locomotives. The combination lever was 
worked as usual from the crosshead. The rocking action of 
the reversing link was obtained from the connection rod 
through a Joy correcting gear coupled to a horizontal arm 
on the li (See “Locomotive Valve Gears and Valve 


Setting.") 
RADIAL GEARS. 

In the “Engleman” gear (Patent 2964 of 1859), and 
“Hackworth” gear, 12,872 of 1849, and “1. W. Hackworth“ 

ars (2448 of 1859, 4240 of 1876 and 877 of 1882) will be 
ound the basic principles of most of the more modern gears. 

Strong (Patent 1888), U.S.A. This is a modification of 
*"Hackworth," and illustrates the main feature of 
“Bremme," “Marshall” and Southern." As the “Southern” 
represents the latest form of this important class of valve 

, а diagram is herewith given, showing its application to 

ew South Wales Ry. locomotives. It has also been fitted 
to a number of locomotives in the U.S.A. In this later form 
the gear is driven by a return crank. In the “Strong” loco- 
motive an inside eccentric and rocking shaft was used. 
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Bremme (Patents 2037 of 1879 and 7886 of 1886). This 
is a modification of “Hackworth"” applied to marine work 
and has not been adopted for locomotives. Bremme con- 
sidered the “Strong” gear (see p. 201) to be based on his 
invention. 

Marshall (Patents 2138 of 1879 and 4185 of 1880). The 
locomotive types are modifications of Hackworth (see 
5 

Bryce-Dou (Patent 4958 of 1884). This gear was 
fitted to a С.К. locomotive which was exhibited at the Edin- 
burgh Exhibition of 1886, but was subsequently removed. 
It was also tried on the С.Е. Ry. 

D. Joy (Patent 929 of 1879). This gear is based on Hack- 
worth," but had a correcting motion for the movement of 
the connecting rod point connection and had also a curved 
slide, It belongs to the class in which the “lap and lead” 
and variable travel are combined, Trouble has n experi- 
enced with the main connecting rod at the part where the 
drive for the Joy gear is engaged. This gear had a great 
коршаган for locomotives on the old L. & N.W.R. 

. Morton (Patent 1490 of 1882). This gear is also based 
on “Hackworth.” It has a further improved correcting 
gear. The reversing link has only asliding movement. This 
gear has been applied chiefly to small locomotives. Its 
principal success been on marine engines. 

Brown, Switzerland (Patent 5175 of 1878) introduced many 
forms of “Hackworth” gears, one of which closely resembled 
the "Joy." His correcting gears are also of great interest. 
(See Engineering,“ Vol, xxx., p. 271). 


“CAPROTTI” VALVE GEAR. 

This gear, like the Lentz, works four poppet valves, two 
steam and two exhaust for each cylinder. These valves are 
arranged vertically and are actuated by a novel form of cam 

ear which is enclosed in a gear box on top of the cylinders. 

he drive of the Caprotti camshaft is taken direct through 
a spindle and gear wheels from the main axle. There are 
three cams on the gear box, one pair of which controls the 
opening and the other the closing of both admission valves 
and the third cam controls the opening and closing of the 
exhaust valves. The variation of the admission exhaust 
and compression and also of the reversing is effected by 
means of a quick pitch screw, mounted loosely on the cam 
shaft, which engages with two scrolls which can be moved 
longitudinally. An illustration is given of the general 
arrangement of this gear box. The gear has given very 
successful results on Italian railways, and also on the 
London, Midland and Scottish Railway. 


THREE-CYLINDER VALVE GEAR. 

Gresley. Method of actuating the valves of a third 
cylinder inside the frames by levers actuated by the Wal- 
schaerts valve gears of the two outside cylinders, (See 
“Locomotive Valve Gears and Valve Setting.") 
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Transverse Section, 
Lentz Poppet Valve Gear. 


(See also page 175.) 


SOUTHERN VALVE GEAR. 
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METRIC MEASUREMENTS AND BRITISH EQUIVALENTS. 


Metric черде) of Weight, 
Grammes British measures, 


Milligramme - 0.001 0.0154 grains, 
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Metric Solid Measures, 
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Metric Measures of Area. 
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249°23 


274°63 
300-03 
325143 
350-83 
376-23 


149-22 
174°62| 176-21 
200-02| 201-61 
322542 227-01 
250-82, 252-41 


276:22 
301-62| 303-21 | 
327:02| 328-61 
352-42| 354-01 
377°82 37941 | 


40163| 403:22 
427-03| 428-62 
452:43| 454702. 
477-831 479-42 


277:81 


404-81 | 
430-20 | 


тоо 


210 


PROPERTIES OF SATURATED STEAM. 


Pressure | Теш- Total 
above the | Number | perature) Heatin | Weight 
Atmos- of of Fahr. Deg. of one 
here. | Atmos- | Steam, | from Cu. Ft. of 
(Boiler дыры Deg. | Water at | Steam. 
Pressure) | Fahr. | 32° Fahr. 
E] 1.00 212. 1146.1 .0380 
5.3 1.36 228. 1150.9 .0507 
15.3 2.04 250.4 1157.8 0743 
25.3 2.72 207.3 1162.9 -0974 
35-3 3.40 281. 1167.1 .1202 
45-3 4.08 292.7 1170.7 .1425 
55.3 4.76 302.9 1173.8 .1648 
65.3 5.44 312. 1176.5 .1869 
75.3 6.12 320.2 1179.1 .2089 
85.3 6.80 327.9 | 1181.4 .2307 
100. 7.80 337: 1184.4 .2622 
105. 8.1 340.9 1185.4 +2725 
110. 8.48 344. | 1186.3 .2838 
115. 8.82 347. | 1187.2 .2948 
115. 9.16 349-9 1188.1 +3054 
120. 9.50 352.8 1189. -3156 
130. 9.84 355-5 1189.8 3266 
135. 10,18 358.2 1190.6 .3371 
140. 10.52 360.8 1191.4 .3478 
145 10.86 363-3 1192.1 3584 
150. 11.20 365. 1192.8 3 
155. 11.5 368.1 1193.6 .3792 
тбо. 11.8 370.6 | 1194-3 .3893 
165. 12.22 372.8 1195. +4003 
170. 12.56 375.1 1195.7 | 4111 
175. 12.90 377-3 1196.4 -4216 
180. 13.24 379-5 1197.1 4321 
185. 13.58 331.5 1197.7 4425 
190. 13.92 383.7 1198.3 4572 
195. 14. 385.8 1199. 4629 
200. 14.60 387.8 1199.6 -4733 
203. 14. 389.7 1200.2 .4836 
210. 15.2 391.7 1200.8 4941 
215. 15.62 393.6 1201.4 .5046 


PROPERTIES OF SATURATED AND SUPERHEATED STEAM. 
(A few extracts from Marks & Davies’ Extensive Tables.) 


SATURATED STEAM. | SUPERHEATED STEAM 

| 150° Superheat. | 200° Superheat. | 250° Superheat. 

Temp. | Vol | Vol Tot. Heat Vol. |Tot.Hea:| Vol. Tot. Heat 
281-0 8-51 10-48 | 1247-7 | 11-11 | 12718 11.74 | 1295-8 
3278 | 443 547 | 12647 5:80 | 1289-4 6-12 | 1313-6 
338:1 | 388 481 1268-2 5-09 1293-0 5-38 1317-3 
3444 | 3:58 4-45 1270-4 4-71 1295.2 497 |13195 
350-3 | 3-33 4:14 1272- 43 1297-2 | 463 | 1321-6 
355-8 3-12 3-87 1274-2 4:10 1299-1 4-33 1323-6 
361-0 2-92 3-63 | 1276-0 3-85 | 1300-8 406 | 1325.3 
2-75 3-43 12776 3.64 1302-5 3-84 1327-1 
370.8 2.6 3-24 1279-1 3-44 1304-1 3-63 1328-7 
375-4 2-47 3-08 1280-6 3-27 1305-6 3-45 1330.2 
379-8 2-35 293 | 1282-0 311 | 1307-0 | 329 | 1331-6 
384-0 2-24 2-80 1283-3 2-97 1308-3 3-14 1333-0 
388-0 214 2-68 1284-6 2-84 1309-7 | 3-00 1334-4 
391.9 2.05 2.57 | 1285-9 2.72 | 1310-9 | 2-88 | 1335-7 


The “ Pressure ” is in Ibs. per sq. in. above the Atmosphere (Boiler Pressure). 

The Temp. is Temperature in Fahr. degrees. 

The Vol. is the Specific Volume in Cubic Fee е Ib. 

The Heat of the Liquid ER water) and the Total Heat of the Steam are given 
in British Thermal Units (B.Th.U.). 

The Temperature of the Superheated Steam is 150*, 200* and 250* respectively 
above that of Saturated Steam. 


117. 
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EQUIVALENT EVAPORATION “FROM 
AND AT 212° FAHR.” 


For a given resultant evaporation “ from“ feed water at 
a stated temperature and “ай” a stated steam pressure it 
is usual, for comparative pu , to restate this in terms 
of the "equivalent evaporation from and at 212° Fahr.” 
Thus, for example, if the stated evaporation per pound on 
fuel is 7 Из. of water FROM а feed temperature of 60° Fahr. 
and AT 160 Ibs. per square inch, steam pressure. 


Heat in 1 lb. steam at 160 lbs. working 


ressure with feed at 32° = 11943 B.T. 
» deducted for higher temp. of feed 
=60-32 = 28 » 
11663 „ 
Heat in 1 Ib. steam at 2120 .......... = 966 » 
11663 
Factor of evaporation 966 = 1208 


The equivalent evaporation for 7 Ibs. 7 x 1208 8.458. 

The table herewith ر‎ ае the factors for the usual feed 
water temperatures and steam pressures occurring in loco- 
motive practice. < 


FACTORS OF EVAPORATION. 


Temp. of feed 


waterin Deg. Boiler working pressure in Ibs. per *. 
Fahr. 

| 
140 160 170 

Be 
40 1-226 | 1-229 | 1-230 
50 1-215 | 1-218 | 1-220 
60 1-205 | 1-208 | 1-210 
70 1-194 | 1-197 | 1-199 
80 1-184 | 1-187 | 1-189 
90 1-174 | 1-177 | 1-179 
100 1-164 | 1-167 | 1-168 
120 1-143 | 1-146 | 1-147 
140 1-122 | 1-125 | 1-127 
160 1-101 | 1-104 | 1-106 
180 1-080 | 1-083 | 1-085 
200 1-059 | 1-063 | 1-064 


210 1-049 | 1-052 | 1-053 
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WEIGHT PER RUNNING FOOT OF 
SEAMLESS DRAWN BRASS AND 
COPPER TUBES. 


= Weıcur. 


Diameter 
Outside. 


ір 
ір 
ір 
117 
il 
i 
14" 
1$" 
1$" 
ір 
ір 
іг 
іг 
ір 
ір 
ір 
ір 
ір 


THICKNESS, 


B.W.G. 


Inches. [> Brass. 


109 


1.44 
1.27 
1.12 
1.60 
т4т 
1.25 
1.76 
1.55 
1.36 
1.92 
1.68 
1.48 
2.07 
1.82 
1.61 
2.23 
1.96 
1.72 
2.39 
2.10 
1.84 
2.71 
2.38 
2.08 
3.31 
3.02 
2.65 


i 


Copper. 
1.52 
1.34 
1. 18 
1.68 
1.48 
2.31 
1.85 
1.63 
1.43 
2.02 
1.77 
1.56 
2.18 
1.92 
1.69 
2.35 
2.06 
1.81 
2.51 
2.21 
1.04 
2.85 
2.50 
2.19 
3.18 
2.79 
2.45 
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ACTUAL BREAKING STRAINS OF STEEL ROPES 
FOR CRANES, HOISTS, SLINGS, ETC. 


s | ë . 
в | = $ 328 
Ё $ 28 | REO 
Construction | = £8 $2 | “В. 
of Коре. ІҢ „@ a я Е ы 
| 2 2 29 =з 
[б a a | ш ы 
Ius. Топ Tons. Tons. 
| К] | 24-1 298 | 34-0 
зі | 26-2 32-4 | 37-0 
31 29-7 36-7 42-0 
|3} | 322 39-7 45-4 
| 3 37-3 46-0 52-6 
3 | 40-0 49-4 56-5 
|4 | 428 529 60-5 
4 48-7 60-1 | 68-8 
we E | Se | | 
Я у 0۰ 41 | 2 
Round Strand. 5 66.9 | 826 | 94-4 
3 28-60 34-61 | 39-10 
8% | 31-20 37-77 42-66 
3} | 36-77 | 44-53 | 50-30 
3} 39-73 48-13 54-34 
3 44-91 54-40 | 61-51 
3 48-21 | 58-36 | 65-98 
+ 51:56 62-50 | 70-52 
4 57-50 69-56 | 78-50 
4 64-93 78-67 | 88-90 
No. 49K 44 | 71-53 | 86-63 | 97-82 
Keystone Strand. |5 | 79-90 | 96-70 | 109-30 
| | 


3 30-34 | 37-53 | 42-88 
3 32-28 | 39-89 | 45-55 
3 38-46 | 47-50 | 54-29 
3) | 41-75 | 51-51 | 58-91 
3} | 47-50 | 58-61 | 67-03 
3$ |-51-10 | 63-13 | 72-09 
4 53-57 | 66-12 
i 60-04 | 74-13 | 84-71 


68-27 84-41 96-44 
75-57 94-19 | 106-72 


No. 162. 
Non-Rotating. |5 83-28 | 102-9 | 117-62 


| 


The above tables have been compiled by Wrights Ropes Ltd, 


— —— — ЯНЕ 
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BRITISH MEASURES WITH METRIC 
EQUIVALENTS. 


MILES ім KILOMETRES, 


ә оз oau + س‎ ы - | Miles 


ы WM M M NM M M ee 
л Ао N н O O ON O Q + шо ы мо 


metres. 


i 


2 
E 


Kilo- 
metres, 


1.609321 
3.218642 
4.827963 
6.437284 
8.046605 
9.655926 
11.265247 
12.874568 
14.483889 
16.09321 
17.702531 
19.311852 


20.921173 
22.530494 39 
24.139815 40 
2574913641 
27.358457 42 
28.967778 43 
30.577099 44 
32.18642 45 
33.795741 46 
35. 40506247 
37.014383 48 
38.623704 49 
40. 233025 50 


41.842346 51 
43-451667 
45.060988 
46.670309 
48.27963 
49.888951 
51.498272 |5 
53.107593 
54.716914 
56.326235 
57.935556 
59.544877 
61.154198 |63 
62.763519 64 
64.37284 ||65 
65.982161 66 
67.591482 67 
69.200803/ 68 
70.810124 69 
72.419445 70 
74.028766 |71 
75.638087 72 
77.247408 |73 
78.856729 74 
80. 46505 75 


62 


82.075371 
83.684692 
85.294013 
86.903334 
88.512655 
90.121976 
91.731297 
93.340618 
94-949939 
96.55926 | 
98.168381 
99.777902 
101.387223| 
102.996544 
104.605865 
106.215186) 


107.824507 
109.433828 
111.043149 
112.65247 


114.261791 
115.871112 
117.480433| 
119.089754 


76 


99 


120.699075 100 


122.308396 
123.917717 
125.527038 
127.136359 
128.74568 
130.355001 
131.964322 
133-573643 
135.182964 
136.79228s 
138.401606 
140.010927 
141.62024Е 
143.229566 
144.83889 
146.448211 
148.057532 
149.666853 
151.276174 
152.885495 
154.494816 
156.104137 
157.713458 
159.322779 
160.9321 
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METRIC MEASURES WITH BRITISH 
EQUIVALENTS. 


KILOGRAMMES IN POUNDS 


pounds. ¥ | Pounds š Pounds. || $ | Pounds. 
т 2.205 ||26| 57.320 |51! 112.435 |76! 167.550 
2| 4.409 27 59.524 32 114.639 77 169.754 
3 6.614 |28! 61.729 ||53| 116.844 78 171.959 
4 8.818 ||29| 63.933 ||s4| 119.048 79 174.163 
5| 11.023 30 66.138 ||55| 121.253 | 80 176.368 
6| 13.228 ⁴ 31 68.343 |56| 123.458 | 8r | 178.573 
7| 15.432 ||32 70.547 ||s7| 125.662 ||82| 180.777 | 
8| 17.637 || 33 72.752 | 38 127.867 83 182.982 | 
9| 19.84: ||34| 74.956 ||59| тзо.оўт 84 185.186 1 
10| 22.046 |35) 77.161 60 132.276 85 187.391 | 
11| 24.251 36 79.366 61 134.481 | 86! 189.596 | 
12| 26.455 |37) 81.570 |62| 136.685 ||87| 191.800 
13| 28.660 38 83.775 |63! 138.890 88 194.005 | 
14| 30.864 |39| 85.979 64 141.094 89 196.209 
15| 33.069 |40) 88,184 ||65| 143.299 90 198.414 
16| 35.274 |41! 90.389 66 145.504 || хт | 200.619 
17| 37-478 |42! 92.593 ||67| 147.708 92 202.823 
18| 39.683 |43) 94.798 |68| 149.913 93 205.028 
19| 41.887 |44! 97.002 69 152.117 |94! 207.232 
20| 44.092 |45 99-207 |70! 154.322 ||95| 209.437 
21 46.297 46 101.412 71 156.527 96 211.642 
22 48.507 47 103.616 72 158.731 97 213.846 
23| 50.706 48 105.82: 73 160.936 98 216.051 
24| 52.910 49 108,025 || 74| 163.140 99 218.255 
25| 55.115 50 110.23 75 165.345 00 220.462 
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BRITISH MEASURES WITH METRIC 
EQUIVALENTS. 


POUNDS ім KILOGRAMMES. 


т 
2 
3 
4 
5 
6 
7 
8 
9 


то 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


.453593 

907186 
1.360779 
1.814372 
2.267965 
2.721558 
3.175151 
3.628744 
4.082337 
4.53593 
4-989523 
5.443116 
5.896709 
6.350302 
6.803895 
7.257488 
7.711081 
8.164674 
8.618267 
9.07186 
9-525453 
9-979046 


23 10. 432639 
2410.886232 


25/11.339825 |59 


11.793418 
12.247011 


52 


12.700604 | 53 


13.154197 
13.60779 

14.061383 
14.514976 


14.968569 | 


15.422162 
15.875755 
16.329348 
16.782941 
17.236534 
17.690127 
18.14372 

18.597313 
19.050906 
19.504499 
19.958092 
20.411685 
20.865278 
21.318871 
21.772464 
22.226057 
22.67965 


54 
55 
56 


Kilo- 


24.494022 | 
24.947615 | 
25.481208 
25.854801 
26.308394 
26.761987 | 
27.21558 
27.669173 | 
28.122766 | 
28.576359 | 
29.029952 | 
29.483545 
29.937138 | 
30.390731 | 
30.844324 | 
31.297917. 
31.75151 
32.205103 | 
32.658696 
33.112289 
33.565882 
34.019475 


2 Kilo- 
H | grammes. 


76 |34.473068 
77 |34.926661 


| 78 [35.380254 


79 |35.833847 
80 36.28744 
81 36.741033 
82 37.194626 
83 17-648219 
84 38. 101812 
85 28.555405 
86 |39.008998 
87 39.462591 
88 |39.916184 
89 40.639771 
90 |40.82337 
91 41.276963 
92 |41.730556 
93 |42.184149 
94 42.637742 
95 |43.091335 
96 |43.544928 
97 43-998521 
98 |44.452114 
99 |44.905707 | 
10045. 3593 
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METRIC MEASURES WITH BRITISH 
EQUIVALENTS. 


Ë | Gations.|| Ё Canons. Ë | Gallons. 
а a 4 


Litres ім IMPERIAL GALLONS, 


11.22 
11.44 
11.67 
11.89 
12.11 
12.33 
22.55 
12.77 
12.99 
13.21 
13.43 
13.65 
13.87 
14.09 
14.31 
14.53 
14.75 
14.97 
15.19 
15.41 
15.63 
15.85 
16.07 
16.29 
16.51 


16.73 


Gallons. 


16.95 
17.17 
17.39 
17.61 
17.85 
18.05 
18.27 
18.49 
18.71 
18.93 
19.15 
19.37 
19.59 
19.81 
20.03 


20.25 
20.47 
20.69 
20.91 
21.13 
21.35 
21.57 
21.79 
22.01 
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BRITISH MEASURES WITH METRIC 
EQUIVALENTS. 


Gal. 


© оч Q ^ ^w W > 


- 
о 


23 
24 
25 


IMPERIAL GALLONS IN LITRES. 


| Litres. 


4.543 
9.087 
13.630 
18.174 
22.717 
27.261 
31.804 
36.348 
40.891 
45-435 
49-978 
54.522 
59.065 
63.609 
68.152 
72.696 
77.239 
81.782 
86. 326 
90.869 
95-413 
99-956 
104.500 
109.043 
113.587 


118,130 
122.674 
127.217 
131.761 
136.304 
140.848 
145.391 
149.935 
154-478 
159.021 
163.565 
168.108 
172.652 
177.195 
181.739 
186.282 
190.826 
195.369 
199.913 
204-456 
209.000 
213.543 
218.087 
222.630 
227.173 


245-347 
249.891 
254-434 
258.978 
263.521 
268.065 
272.608 


| 277.152 


281.695 
286.239 


290.782 
295.326 


| 299.869 


304.412 
308.956 
313.499 
318.043 
322.586 
327.130 


| 331.673 


336.217 
340.760 


‘Litres. 


345.304 
349-847 
354.391 
358.934 
363.478 
368.021 
372.565 
377.108 
381.651 


| 386.195 


390.738 
395.282 
399.825 
404.369 
408.912 
413.456 
417.999 
422.543 
427.086 
431.630 
436.173 
440.717 
445.260 


| 449-804 


454-347 
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WATER, WEIGHT AND VOLUME, 


1 IMP. GAL.=1 1/5 U.S. GAL. U.S. GAL. 5/6 IMP. 


Imp. | U.S.A. 


| 


Gallons. Gallons. Litres | Cub. Cub. ft. Lbs, 
or Metres 
Kilos. | M3. 
6:2355| 7-48 28-315 -02832 | 1 62-355 
8-333 | 10- 37-86 | -001 1-337 | 83-33 
220.31 |2642 1 1- 35-3156 2204-62 
-2201| -2641 1 1 “0353. 2-2046 
83. 1: 3.786 -00378| -1337 8-333 
1: 1-2 4-544 -00454| -1604 10- 
Т. С. О. Lbs. 
8-33 10 37-86 0-0378| 1-337 2 27 
10 12 45-44 0-0454| 1-604 з 16 
416 50 189-30) 0-1893| 6-685 | 32 24 
50 60 227-2 | 0-2272; 8-020 4 1 24 
83-3 100 378-6 | 0-178 | 13-37 77% 5219 
100 120 454-4 | 0-454 | 16-04 — 4 
416-6 500 1893 1-890 | 66-85 | 1 17 0 21 
220-4 264-5 | 1000 1-000 | 35-35 | 19 2 20 
224 269 1018 1-018 | 35-93 179..0750 
500 600 2272 2-270 | 80-20 24 2 16 
833 1000 | 3786 | 3-78 133-7 314 1 17 
1000 1200 4544 4-54 (160-4 491 4 
1666 2006 7572 7-56 (267-4 77:88 16 
2000 2400 9088 908 (3208 | 8 18 8 
2500 3000 11358 (11-34 401-1 18:79: "Q 7:99 
3000 3600 13632 1362 481˙2 13 7 3 12 
3333 4000 15144 15-12 (534-8 1417 2 12 
4000 4800 18176 18-16 6416 1717 0 16 
5000 189: 18-90 (668-5 1812 0 1 
5000 6700 22720 |22-70 80.20 | 22 6 1 20 
6000 7200 27264 127.24 9624 2615 2 24 
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METRIC MEASURES WITH BRITISH 
EQUIVALENTS. 


т. 14.223 


т.т || 15.645 
1.2 || 17.068 
1.3 || 18.490 
1.4 || 19.912 
1.5 || 21.335 
1.6 || 22.757 
1.7 || 24.179 
1.8 | 25.601 
1.9 || 27.024 
2. 28.446 
2.1 || 29.868 
2.2 || 31291 
2.3 || 32.713 
2.4 || 34.135 
2.5 || 35.558 
2.6 || 36.980 
2.7 || 38.402 
2.8 || 39.824 
2.9 || 41.247 
3. || 42.669 
3.1 || 44.091 
3.2 || 45.514 
3-3 || 46.936 
3.4 || 48.358 
3-5 || 49.781 


ry» 
- 


103.828 
105.250 
106.673 
108.095 
109.517 
110.939 
112.362 
113.784 
115.206 
116.629 
118.051 
119.473 
120.896 
122.318 


123.740 
I 


KILOGRAMMES PER SQUARE CENTIMETRE IN POUNDS 
PER SQUARE INCH. 


135.119 
136.541 
137.963 
139.385 
140.808 
142.230 
143.652 
145.074 
146.497 
147.919 
149.341 
150.764 
152.186 
153.608 
155.030 
156.453 
157.875 
159-297 
160.720 
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BRITISH MEASURES WITH METRIC 
EQUIVALENTS, 


Pouxps Per SQUARE INCH ім KILOGRAMMES 
Per SQUARE CENTIMETRE. 


ты 
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WEIGHTS. 
ENGLISH-FRENCH EQUIVALENTS. 


1 Pound persquareinch = 0-070377 Kilogramme per sq. 
centimetre. 

т Ton per square inch = 1°575 Kilogrammes per sq. 
millimetre. 

Eso » „ = 157.5 Kilogrammes per sq. 
centimetre. 

1 Kilogramme per sq. mm. 635 x or 1422-32 lbs. per 
sq.in. 

ї 7 „ 54.сп1. = 14:2232 lbs. per sq. in. 


Tons | Lbs. |Kilos| Kilos|| Tons | Lbs. | Kilos | Kilos 
per per per sq. persq. per | per | persq.| persq 
sq. In. sq. in. | mm. | сш. 8g. in. | e in.| mm, cm, 
— 114-2232 | “01 го ||30 67, 200 47°25 | 4725 
— 1147 *O103| 17035! 31-25 | 70,000 49.21 | 4921 
0.635 1,422*32| 1:0 |тоо 32 71,680) 50-4 5040 
т 2,240 | 1:575|15755 || 34 76,260) 53°55 5355 
2 4450 3715 |315 35:714| 80,000) 56-25 
3 ‚720 | 4'725| 472*5 36 80,540] 56:7 | 5670 
4 8,960 | 6:3 |630 38 85,120) 59°85 | 5985 
4°464 10,000 | 703 |703 40 89,600) 63-0 | 6300 
{ 11,200 | 7-875| 787-5 | 40°18 | 90,000) 63-28 | 6328 
13,340 | 9°45 |945 42 94,080) 66.15 15 
7 15,6 11.025 1102-5 44 98,560| 69:3 | 6930 
8. 17,920 |12۰6 |1260 44.643 100,000) 70:31 | 7031 
8-928 20,000 (14-06 | 1406 , | 46 103,040! 72°45 7245 
9 20,160 |14-175| 1417°5|| 48 107,580] 75°6 | 7 
то 22,400 123 1575 |50 112,000) 78:75 A 75 
12 26,880 |r 1890 |53-572|120,000| 84.37 437 
13:393 30,000 nus 2109 55 123, 200 86-625! 8625 
14 31.360 2205 |2205 | 60 133,400 94:5 
16 35,840 443 2520 |62:5 14, 00 98-43 | 9843 
17-857 40,000 |28-12 2812 65 144,600/102:375|10237 
18 427850 28-35 | 2835 70 156,800 110-25 |11025*: 


3145 |3150 71-428) 
22 147,280 |34:65 |3465 |75 

22:321/50,000 |35°15 |3515 80 т79,200)126:0 12600 
24 53,760 |37°8 | 3780 90 201,600/141:75 |14175 
26 ze 40:95 | 409 100 |т24,000[157°5 |15750 


160,000. 1112549 11249 
168,000, 118.125 11812-: 


28 62,720 |461 |4410 | 
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EXPANSION OF STEAM 
DIAGRAM, 


TAKEN WHEN STEAM 18 CUT OFF AT LALF STROKE. 


PRESSURE IN LBS РС. 
z Er rr 12227 


ATMOSPHERIC LINE. 


А.В. is the steam line, the steam port being open duriog this portion of 


.С. із the expansion curve, and sheww'the fal) із premure after the 
a un put beso closed ot В. | 


D. is the exhaust line, and bens the further fall in pressure after the 
со steam port bas been opened to the exhaust at C. 


О.Е. із the back pressure line, and shews the pressure against the piston 
on ite return stroke (the steam port being still open to the exhaust). 
If there were po back pressure of steam this line would be sa low as 
the atmospheric line. 

E.F. is the compression curve, and «Бетэ they rise in inat 
ff.. ͤ ОЧЫ абла ЧЫ e oder 
after steam port bas been closed to tbe exhaust at E. я 


Е.А. is the admission line and shews the further rise in pressure due to 
the steam port being opened before the раба М at the end of its 
T La assay sme ee Ere мы sgl 


‘Tho amount by which the slide valre covers each ateam port when it is in itẹ 
central position is termed lap.“ 
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FUEL AND FUEL CONSUMPTION, 


A locomotive boiler should evaporate 8 Ibs. of water 
per Ib. of coal consumed (Yorkshire steam coal of good 
uality), AX 9 Ibs. of water per Ib. ot coal when using 
elsh coal, 


Its efficiency is about 65%, but may with careful 
design approach 80%. 


The heat value of any fuel can be ascertained from its 
analysis, and its suitability for locomotive purposes known 
from the following :— 


1 lb. of carbon, perfectly consumed, 
should evaporate .......... 12.4 Ibs. of water. 


r Ib. ot hydrogen, perfectly con- 


sumed, should evaporate .... 53. — 
т Ib. of sulphur, perfectly con- 
sumed, should evaporate .... 34 к 


A fair sample of Carbon % Hydrogen %Sulphur 
Newcastle steam coal 
contains ...... 82.4 esoe 5.4 .... 1.5 


Best Welsh smoke- 
less steam con- 
SASSER 92:3 .... 5. MA — 


tains 
Ordinary ditto. 882 4.7 24247 RJ 
Lancashire ........ 82.6 .... 5:9 ete .8 
lll IR Sr see бо вилу 4 
S. Staffordshire .... 82.6 .... 59 oses 4 


DngaAvGHT.— 


When a locomotive is in full gear, cutting off at 75% 
of stroke, the blast should not create a vacuum in the smoke- 
box of more than 5 ins. of water, measured at centre of tube 
dei and when running with a cut-off of 2595, 2 ins. should 

ample. 

The temperature of the smokebox will average 600*F. 


For rough calculations, the fuel consumption of loco- 
motives may be estimated as tollows :— 


(Engines of modern build ; Coal of average quality.) 
Main line express and passenger .. 40 lbs. per mile. 
or .12 lb. per ton mile. 
„ „ goods and minerals 65 Ibs. per mile. 
or .1 lb. per ton mile. 


Suburban tanklocomotives ...... 55 lbs. per mile. 
or .25 Ib. per ton mile, 
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LINEAR MEASURES AND WEIGHTS IN 
DIFFERENT COUNTRIES. 


British Empire generally 


т yard of 3 feet of 12 inches = 
9144 m. 

т foot=-3048 m., r inch=-0254 
m. 


r ton of 20 cwts. of 4 quarters 
of 28 Ibs.=1016-06 kg. 


1 cwt.—4 qrs.=112 Ibs, =50-8 
kg. 


In the United States and Canada the units of length are 
as in Great Britain, but the U.S. ton is of 2,000 Ibs. only. 


India, The acknowledged equivalent to a Maund is 84 Ibs. 


European Countries gener- 
ally adopt the metrical 
system, which is also 
largely used in Great 
Britain and Dependencies, 
Mexico, Central and South 
America, North Africa, 
ete. 


Netherlands 


Denmark 
Russia : мс 


“. engen. X00) 256 


т metre m. too centimetres. 
ст.=1000 millimetres mm. 
r kilogramme kg. = 1000 
grammes g. 


metricsystem, і pound (т kg.) 
= то oncen = тоо looden = 
1000 wigtjes. 

r alen of z fod of 12 tommer of 
12 linien=-6277 m. 

т foot=ı2 inches=r foot 
Britisb=-3o48 m. 

r pood of 40 pounds of 32 
ounces =16-38 kg., т pound 
=409'53 Е. 


For comparison of weights and volumes see р. 220. 
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UNIT OF LENGTH IN DIFFERENT 
COUNTRIES IN BRITISH YARDS. 


(kilometre) ........ 1,094 yards 


(mius er. 8,238 
(mile) 22352 00.000» 1,760 
(kilometre) ........ 1,094 
(kilometre) ........ 1,094 
min. 7,656 
(kilometre) ........ 1,094 
(chilometro) ...... 1,094 
(kilometre) ........ 1,094 
uma AEE (worst) зева 1,167 
5 (kilometro) ........ 1,094 
Switzerland ..- (Hen) ........... 5,249 
Turkey .......... (беті) «c serves 1,828 


TEMPERATURE BY FAHRENHEIT 
| AND CENTIGRADE :— 

(F-32) 

9 


F.toC.=5 


9C 
C. to F. =—— + 32 = F. 
5 


Example :—212° Fahr. 212 less 32 = 180. Divide by 9 
= 20. ultiply by 5 = roo. 


roo* Cent. 9 times roo = goo. Divide by 5 = 180. Add 
32 = 212. 

Water boils at т degree less temperature (Fahr.) for every 
521 feet in height above the sea. This is approximate 
only, and is corrected by relative barometric and thermo- 
metric readings in actual practice. 
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APPROXIMATE WEIGHT OF METALS. 


Cast Iron—4so Ibs. per cubic ft. 


Wrought ,,—480 „ u» 


Steel 490 u . ” 
Тіп —458°3 „ „ „ 
Zine —436°S „ ы „ 
Copper —553 5 „ » 
Lead go , „ » 


Aluminium —166:5 „ „ „ 


477. ” 


„ 283 y 
„ 265 „ 
$7 BSN us 
„ 7319 „ 
EET D: „ 
„ 96 „ 


“26 Ibs. per cubic in. 


Ibs. per 

cubic ft. 
Poplar ..... ........ 24 
Larch .............. 34 
JC 343 
Honduras Mahogany 35 
Wilo 36% 
Sycamore ............ 37 
Cedar 37i 
Him severo Tre. 38 
Ane wei 3008 pss 39% 
Pitch Ріпе .......... 41% 
Waln unt 42 
Z 43} 
EIDE. DOD ESTO 44% 


APPROXIMATE WEIGHT ОЕ TIMBERS. 


cubic it 
Holly 55555. 2... 47 
Hornbeam . 47% 
PAR; Ee Eh ss 47% 
Dark Oak ........ 47% 
Maple ............ 49 
Ne 50 
Spanish Mahogany .. 53$ 
Canadian Oak ...... 543 
Box .............. бо 
English Oak ...... бой 
Greenheart ........ 623 
Adriatic Oak ...... 731 
Ebony ............ 831 
Lignum Vita ...... 831 


MELTING POINT OF METALS, ETC. | 


$ 

| 

| 

Names. Fahr. 

Platinum s 55 E V. ee: 4500”. | 
Antimony ee s% > о „ 42 
Bismuth... -A "d ES >> 487 
Tin - - . 475 
Lead . 620 
Zinc ас ае zé Es xs ++ . 700 
Cast Iron ara - T 53 ++ 2100 
Wrought Iron .. 4% d e. .. 2900 
Steel .. š oe в ++ ++ 2500 
Copper .. vs ee d E .. 20co 
Glass 2. = A E 2s 2. 2377 
Beeswax .. = 5. é. T 151 | 
Sulphur .. 54 4- E. ES .. 239 
Tallow .. 2 di 55 T .. 92 


EXPANSION OF METALS. 


The following table shows the amount of expansion for 
different materials per foot :— 


| Expansion per Degree | Expansion (тот 
Еаһт. | 32° to 212°, 


| 


Iro ee 52-52 *0000067 *00122 
Steel A | *0000069 “00124 
Copper | 500171 
Uis. Io. MUS "0000160 “00294 
vai ааа "0000120 | “00217 


| 


Almost all solid bodies expand equally for each degree 
between freezing and boiling, or from 32° to 212° of Fahren- 
heit's thermometer. A bar of iron, therefore, which is 
12 feet long, by an increase of 60° of temperature becomes 
50 X 12 X -0000067 =12`0048 feet in length. 
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SPECIFIC GRAVITY AND WEIGHTS OF 
VARIOUS SUBSTANCES. 


WEIGHTS. 
Name of Per |Per Square | Per Specific 
Substance. Cubic Foot, | Cubic | Gravity 


Foot. |rin. Thick.) Inch. 


Water, Pure.. . 62:3 5:19 *036 1-000 
Water, Sea 64-3 5:36 *037 1:028 
Platinum cot ie 1344 112-00 “777 21:52 
Gold — 3 3 1204 100°3 -697 19°25 
Mercury . .. 847 70°5 4 33°59 
Silver SSS SE 54°66 3 10:51 
Bismuth.. .. ..| 618 51:50 "358 9:90 
Aluminium .. 160 13°33 *092 2:56 
Arsenic .. . | 360 30-00 "208 5:76 
Wrought Iron 3 480 40°00 277 7:70 
Cast Iron ..| 450 37°50 +260 7:20 
Steel TC 2.27.1 490 40°84 “283 7:84 
Lead  .. . 710 59.16 +410 11.36 
Copper, Rolled . 548 45.66 “317 8. 
o. Rolled 5 524 43.66 S 8.40 
453 37-78 262 7:29 

Beat. Babbitt Metal 497 41-47 288 8.00 
Anti-Friction Metal, 
Commercial quality, 653 54°45 “378 10:50 
Antimon, .. 419 34°92 242 6-71 
Zinc жа, әш (2% 428 35:66 248 6-86 
Sand .. 98 8-23 057 1:57 
Brickwork, ` Com- 

mon and Clay .. 120 10-00 069 1.92 
Brickwork, Close 

JORE we) asl To 11-66 -or 2:2 
Limestone .. .. 168 18-00 124 2°6 

ass жел. әзі 6% 156 13°00 2.49 
Conerete 55 13755 11°45 -079 2.20 
Pine, White .. 3 30 2.50 *017 48 
Pine, Yellow oe 35 2°91 :019 56 
Hornbeam .. .. 47-5 95 027 -76 


Lignum-Vitæ .. 83-3 “94 -048 1:35 
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‘LOCOMOTIVE MEMORANDA FROM 
PRACTICE, 


The life of a modern locomotive may be computed at from 
20 to 30 years. During this period it will have been 
rebuilt once, and sometimes twice. 

The life of а locomotive boiler will average from 8 to ro 
years, during which time the engine will probably have 
run from 300,000 to 350,000 miles. 

Boilers shonld be thoroughly examined and tested after 
ranning from 200,000 to 250,000 miles (5 to 6 years), 
and if retained in service, a further examination and 
test should take place when a further mileage equal 
to half above has been recorded, 

Boilers should be primarily tested with hot water under 
hydraulic pressure and at least 50% above working 
pressure, and at all subsequent tests at not less than 
10% above working pressure. 

Тһе life of a copper firebox is approximately about 5 to 9 
years, but this must necessarily depend on many local 
circumstances, service the engine is engaged on, water 
and fuel used, etc. 


The life of a set of steel tubes may be taken at 5 years, if 
taken out and pieced at the firebox end. When new, 
the tubes of a boiler should be examined after 6 to 9 
months' service, a few of the lower rows being removed, 
cleaned and replaced; after 12 to rs months’ service, 
half the set should be removed, cleaned and replaced, 
and when 2 to 2} years' working have been recorded 
the whole set will have to be removed and attended to. 

Driving wheel tyres, of good quality steel, will run 50,000 
miles before requiring to be re-turned, 

Leading bogie wheels do. 25,000 miles, 

Carrying and tender wheels do. 30 to 40,000 miles. 

A shed day should be apportioned for every locomotive 
once per week, when the boiler should be thoroughly 
washed out, the firebox, firebars, smokebox cleaned 
trimmings and bearings attended to, etc. 

Six pints of engine oil for general lubrication and 2 pints of 
cylinder oil per roo miles run is a fair allowance for 
а 4-6-0 ог 4-4-2 engine on medium duties. 
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RECORDED 
LOCOMOTIVE PERFORMANCES. №. 1. 


London & North-Western Rly. (now L.M.S.) 


Crewe to Carlisle. Scotch Express ex Crewe 1.12 p.m., on 
4th Nov., 1913. 
Distance, 141 ‘miles. 
Train consisting of 10 coaches and one De beens нт саг. 
— 08 Ralph Brocklebank,” No. 1159. 
ype 4-6-0 (superheater) with four Cyls., 16° x 267. 


Cia bees 6' 9” diam. 
Heating surface ........ 1574 sq. ft. 
Superheater surface 4134 8 sq. ft. 
Total ЕЧ 1987- -8 sq. ft. 
Grate area . 30-5 sq. ft. 
Boiler workin, 175 lbs. per sq. in. 
Adhesion weight 59 tons. 


желіп weight. 5,-455%552%>< ТЕР = 360 tons. 
„do., including engine & tender. 477 tons. 


Tue осе ed in journey, 142} mins. 
Mean See — per Tour, io 


F 2442 
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Mean draw-bar pull in tons, 1-83. 
Mean draw-bar horse power, 663. 

Indicator diagrams were taken at seventeen points. The 
average 1.Н.Р. at these points was 1387 and the average 
draw-bar Н.Р. was 920, i.e., О.Н.Р./1,Н.Р.--920/1387---66. 

Climbing the Shap is an interesting part of this journey, 
e 33 miles of the distance, and 37} minutes of the 

ime. 

The profile of the line at this part, with the speeds and 
draw-bar pulls, is shown orr the diagram herewith. At the 
points marked 10 to 18 indicator diagrams, etc., were taken 
and the resultant figures are given in the following table. 
The approach speed at Carnforth was 69} m.p.p. and the 
summit speed 871 m. p p. 


| | р.в. | 
Grade. M.P.H. | pull. |D-H.P. I. H. P. 


1 2 60 „| 1015 | 1504 | -675 
12 „ 123| 67 24.25 950 | 1407 | -675 | 
13 5 206:10 825 | sk 980 | 1494 | -656 | 
14 „ 131 47 sp 996 | 1526 | -652 
15 146 | 69 21 „ 1082 | 1669 | -648 
16 25 28 758 34 „ 1082 | 1606 673 
17 „ 25 42 Eu » | 1094 | 1593 | -686 
18 2007515287 5$ „ 1187 | 1498 | -793 


| 
10 | 1in 460 69} |12 tons 572 | 1095 822 
1 34 | a 


RECORDED : 
LOCOMOTIVE PERFORMANCES No. 2. 
( Railway Engineer," April, 1906.) 


Great Western Rallway. 
London to Bristol.—'' Non-stop” run of 120 miles in 120 
minutes. Train: London to Bath, consisting of 10 
eight-wheeled coaches and one Dynamometer Car— 
Total weight, 337 tons. 
Train: Bath to Bristol, one coach less than as above. 
Locomotive: Albion,“ No. 2971. 
Type 4-6-0 (non-superheater) 
withtwocylinders ........ 18” x 30” 
Coupled wheels ............ 6° 84” diam. 
Heating surface 


Grate are. 27°07 sq. ft. 

Boiler working pressure 225 Ibs. per sq. in 
Adhesion weight ...... E 54-2 tons. 
Weight in working order 2 70°2 tons 
FFV 43:15 tons. 


The profile of the line, the Speeds and the Draw-bar Horse- 
Power (D.H.P.) are shown on the diagrams herewith, except 
at from the 35th to the 60th mile, for which the following 


| Ë әм? 6 әбу 
pup. 


төлі уу 4- мет UY Asa 11291) 
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note may suffice. From the 35th to 47th mile the рий 
was maintained at about 63 М.Р.Н., falling to 60 m.p.h. at 
the 60th mile. The D.H.P. was maintained at about 810 to 
the 44th mile, falling there to about 750 and rising at the 
49th to 910 at which is continued to the 60th. 

A speed of 60 m.p.h. was maintained over 70 consecutive 
miles on a rising grade with a maximum incline of I in 754. 
[Ре maximum speed of 76 m.p.h. was attained оп a down 
grade. 

The “ cut-offs’ during the first four minutes, trom the 
start from Paddington with 75-06%, was successively 50, 
30-8. 28-6 and 20°8%. For the journey the prevailing 
notches were 18, 20-8 and 23-4%. At Bath, after lowering 
the speed in order to “slip” a coach, the notches were 
30-8 and 23-4%. 

The Regulator was full open“ during the run. 

It will be noted that the Aecelerations at starting trom 
Paddington are approximately 

0 to 25 m.p.h. in 2 minutes. 
4 


” ” ” ” 


50 60 B ж 
and from Bath ” xa zi ü 
30 to 56 m.p.h. in 3 minutes. 
56 „ 70 ,, » 4 m d 
The Resistance ton (on the level) behind the tender 
at 60 m. p. h. is 14 Ibs. and at 74 m. h. p. is 18 Ibs. 


1. Deduction from a series of Test Runs on the Great W. 
(Proceedings Instn. Locomotive Engineers, 1926). 


Castle class, 4-6-0 type, with a rated tractive force capacity of 31,629 


E & T | Train | To 


Section | Miles 
tons 
Pad ding- 
| 95-5 113 
ошу 


Auer 3 
а ) 47:5 || 112 


Taunton 
Erster | | 0-75 || 111 


Exeter | 52.75 | 110 | 


Plymouth f 
Total ..| 226-5! 


The Н.Р, is calculated by the formula Н.Р. = 


The locomotive em 


Est. Coal Consumpt. 


estern Railway by Н. Kelway Bamber, M.V.O. 
d in these tests was the G. W. R 
„ (14-12 tons). 


Total | Рег sg. ft. 
Ib. mile | Grate 
Ib, Ib. 


4,887 | 50-65 


2,074 | 43-66 
1,238 | 40-26 
1,813 | 34-71 


44 


=1559, 


The coal consumption from Paddington to Westbury calculated from an allowance of 2 Ib. per H.P. less 


5 per cent. for coasting, etc., thus 1559 x2 x 650 


=4887 Ibs. or 10,012 Ibs. for the whole trip. 


The coal consumption per 34. ft. of grate (the grate being 30-28) is calculated from the coal consumption 


per section, thus 30.20 =97.5 Ibs. per hour, from Paddington to Westbury. 
The actual coal consumption for the whole journey was 10,080 Ib. (4-5 tons). 


gez 
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II. Deductions from a series of tests on the London and 
North Eastern Ry. by H. Kelway Bamber, M.V.O. (Proceed- 
ings Instn. Locomotive Engineers, 1926). The locomotive 
employed, G.W.R. * Castle" class, had the same rated 
tractive force as that used on the Paddington-Plymouth 
runs above referred to. 


Min. 


King's Cross 1 76. 
ырк өс } 76-25 457 


Peterboro’ 2 
Grantham } 29°25 457 


105-5 | — 


The coal (best Yorks ) consumption for the out and home 
journeys was 5-35 tons., or an average of 2-675 tons (5,992 
bs.) for the single run of 105-5 miles. 


Coal Consumption. 


Per mile. Per sq. ft. H.P. at 
Section. lbs. Grate. 2 Ibs. P 
bs. per hr. H.P. 


King's Cross Д “ 
Kings Ск } 56-8 | 103-5 | 1567-5 


Boiler H.P., on a rating of 2,049 sq. ft. evaporative surface 
at 12 Ibs. steam per sq. ft. per hour, the total evaporations 
is 24,588 Ibs. of steam, and allowing 21 Ib. per P3 t 
total H.P. would be 1,171. (For development of 1,567-5 
H.P. it would require a rate of 15-9 Ib. steam per sq. ft. of 
evaporative surface). 


FASTEST RUNS ON BRITISH RAILWAYS, 1927. 


Dis- 
Section. Train. From To tance 
miles, 
G.W.R. — 3-45 p.m. Swindon Paddington 77 -3 
L. & N.E.R. М.Е. 9-1 p.m. | Darlington | York 44-1 
» G.C. 4-30 a.m. | Leicester | Arkwright | 22-6 
St., Nott'm 
L.M. & S.R. | L. & N.W. | 9-21 a.m. | Will'den J. Birm'gham |107-5 
L.M. & S.R. Midland 9-4 алп. | Luton Kettering | 41-8 
L. & N.E.R. G.N. 9-44 a.m. | Grantham | Kings Cr'ss|105 -5 
Southern К. L. & S.W. | 3-22 p.m. | Salisbury | Surbiton 717 
G. N. R. (1) .. — 6-45 a,m. | Dublin Drogheda | 31-8 
L.M. &S.R. | Caledonian | 6-13 a.m. | Perth Aberdeen | 89.8 
Southern К. $.Е. & С. | 8-27 a.m. Redhill Тое 19 +6 
June. 

L.M. & S.R. С. & S.W. | 10-54 p.m.) Thornhill | Dumfries 14-2 

G.S. Rys. G.S.W.R. | 6-42 p.m. | Maryboro' | Kingsb'dge| 51 
L. & N.E.R. G.E. 10-19 p.m.| Shenfield | Prittlewell | 20-7 
25 N.B. 12-28 ра. Falkirk Edinburgh | 25-5 

(Maren) 
Southern R. L.B. & S. C. | 10-46 алп. Redhill Hayw'ds H.| 17-0 
L.M. & S.R. LD ¢ 4-47 p.m. | Hellifield | Chatburn | 11-6 
М. & G. N. R. — Several Fakenham каш 22.2 
упп 

L. & N.E.R G.N. of S. | 9-8 ра Dufftown | Aberdeen | 64 

S. & D. J. R. — 3-35 p.m.| Evercreech| Blandford | 26-4 
Junction. 
M. & S.R. N.C.C. 12-29 p.m.| Greenisland| Portstewart| 58-2 
& C.D.R. — 12-0 noon | Belfast Newcastle | 37-5 
-» & S.R. 


FEE 
я 
$ 
E 
e 
= 
ш 


2 trains | Mullingar | Dublin 50-3 


Highland 11-14 алп, Pitlochry | Perth 28.5 
| Broadstone 
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LONDON, MIDLAND & SCOTTISH RAILWAY. 
AS ee ——. —— ——ꝛ—'ʒ— — — 


mi Cylinders | $ | Wheelbase | Meer | 
ew — аан | 
No.| No. Section |Type Diam. x = E 2 Tender 
Stroke) 2'| Coup. төш f Ë š 
ins. „lft. ins. ft. ins. sg. sq. | sq. E fuel) wat 
| ft.| ft. | ft.) ft. tons |tons 
66] 5450| L.N.W, |4-6-0 19 x26 13 7126 8/133/1780-- 25 5 
819| 5600] L.N.W. | „ 151 x26 13 7 |26 8} 1361376304125 6 
2222| 5900] L. N. W. „ |(4)151 x26 15 3129 0 |17411574/379 30.5 6 
285| 8700 L. N. W. „ 19 х26 13 7 |26 81|144|1764|— 25 5 
— |10447! L.M.S. „ 1(4)16) x 26 13 7 25 7 11761717 430127 6 
— |10455! L.M.S. „ |(4)16}х26 13 7 |26 7 1801817 recy pp 6 
55 14600 C.R. 5 19 x 11 3 23 91105/1800 — 4 
191114619) С.К. ” 19} x 26 12 4124 9 1161707 21 4 
90314752) C.R. й 20} х26 14 8 28 9 |148 1666 /515|26 5 
60114650 С.К. ” 20 x26 14 6/27 6 146 115291258125 « 5 6 
956014800 C.R. „ |(3)184 x 26 15 0 28 8 1702200270128 5} 
179 179050 С.Е, » 19} x 26 13 4 |26 Ц 128 1439 40321 5 
51214673G.&S.W | „ 21 x26 15 0127 11 1301430'44524-5 4 
495/14656/G.& S. W. , 20 x26 15 0127 8 131 1721!— 24:5 4 
14014675! H.R. " 193 x 26 14 3 3 |134[1916 — 126.5 5 
5014691 H.R. ” 19} x 26 14 6 128 71132 19161— 25 5 6} 
49 14762 H.R. 21 х26 14 0 25 : 139/1328 — |25 -5 2 7 
— | 6100) L. XI. S. 4-6-0 (9% х26 15 4 27 189 1892 44531:2 25062: 5 84:9 |3500 5 
34117800 С.К. |2-6-0 х26 16 9 24 5 119 1071267 20.6 |160/46 -1 |54 -25 3000] 4} 
5117820 G. & S. W. „ 19 х26 17 1 23 7 1147 1344 211/26 -25|180 54 -35 62 3800] 6 
-- 113000! L.M.S. 5 21 x26 16 6 25 6 116011361 307127 -5 1180/55 -5 165 -5 |3500! 5 


6tz 


Old | New 


5320) 
132110187 
72114477 
113114461 
825114516 
73/14522 
1400/10300 
3835| 3835 


130/12083 
1112557 
1912500 
30|17646 
294117650 


71117750! 
134117693. 


LONDON, MIDLAND & SCOTTISH RAILWAY- continued. 


EEE 
SS 


e 
DULL IIS 
aiat Jar ar aa 


Section |Type 


Cylinders 
Diam. x 
Stroke 


ins. 


Heating $ | 
i Wheelbase N Ё | 
*| g 8 Weight | Tender 
8 | Coup. | Total.) 8| 4 = 
Б] EIL 2 | 
ins. ft. ins. ft. ins. sq. sq. | sq. Ibs. adh. | total зав. fuel; wgt. 
ft. | ft. | ft. tons | tons D tons 
6 24 44147 11811291084 200 2 (61-7 3500] 7 459 
6 24 41 1471181291128 -4 (200/392 |61 :7 |3500| 54 42.7 
6 24 41 1471181291128 -4 180 60:25 3500] 7 |459 
6 22 811231044253/21.1 160/34.5 |53.3 3250] 4 39.8 
0 25 111611728 — 122-4 185 59 -75 3000 5 37 
0 25 141651313285224 |175 25/59 85 3000 6 |39 +25 
6 21 91071139 — [20:5 170 3 |476 3300] 5 37 
9 24 4 14411185 200207 180/39 -75/61 -25|4200| 5 146-5 
9 24 4 1441185200120 -7 117539 75/61 -25 4200 5 |46.5 
0 24 9 1481444 330/27 -6 ‚180,39 -9 618503800 6 47.3 
9 [22 2 1241013180122 -5 175/34.2 |54 95/3500 7 43.15 
6 27 17101540 — |23 180/35 58:75 2290] 5 130.65 
6 16 Н 123'1044 253/21 1 1175/48 :75|48 75/3500) 4 |412 
4 16 4 |1 943— |18 -75 180/42 .15 42 -15/1800) 3 26-1 
4 16 4 |107) 790 195|18-75 180/46 -5 |46 :5 1800 З 26-41 
6 15 6 1071139 — [20.5 17004485 4485 3300| 5 137-45 
9 16 9 11191071 287|20-6 16051.1 |51-1 3000 4 37:9 
9 16 9 Ha 1333- 170/49 -25/49 .25 3000 4$ |37 -25 
10751 1637 180/57 -75157 -75 3800] 6 147 -3 
6 16 6° 115 1080 — 17543 |43 3200 5 40 


LONDON, MIDLAND & SCOTTISH RAILWAY—continued. 


| 18 j 
ГЕЙ Cylinders š Wheelbase | Heating š 
se мет! Section | Type (Diam. x — 3 HAR o | g| Weight Tender 
| troke Coup. | Total. & s 3 
E 8 &i&lalold 
ins. ins. ft. ins. ft. ins. sq. $q. . sq. Ibs. adh. | total gals. fuel | wg. 
| ft. | ft. ш ft. tons | tons 
! 
1648 12968 L.&Y. 0-8-0 | 211526 54 |16 4 16 4 | 192 1656 430 255 | 18066-2 862 |3600 5 41 45 
147112761 LAY. | „ |9015) х26 4 [1551540 — 23 18060 8 (60-8 3600 5 41-45 
325/12700 L.&Y. | „ | 20 x26 4 [1551540 — 23 180 88 58 78 800 5 41-45 
2178| 9454 L.N.W. | | 20}х24: 3 | 149 1538, 358 23-6 |17562 3000] 6 140 78 
1866| 9002| L.N.W.| | 19}x24 3 | 147 1896 — 23-6 | 175|56 -25/56 -25 5 |37 
60017990| C.R. | „ | 21х26 5 4 |1381970— 23 |175 4 41 
2290 M.R. [0-10-0 |(4)163 x 26 11 158 1560 445 31-5 | 18073.65 73-65 2050| 4 |31-55 
380| 7930| J. N. W. |0-8-4T| 20} x 24 з |149 1538 35823 6 | 185 3} [Tank 
— 11110 L.M.S. 4-6-47/(4)161 x 26 4 |1801817 43029 6 | 180 six 
2100) 2100| М.К. | „ | 20 x26 103/123 1173131925 — [1605365946 2200 3 | ` 
540115400 GS. W. | 22 x28 0 | 1561574 25530 18054 s£ 29 
115111100) F.R, | ¢, 91 x 26 9 | 153 1850, — | 170154 -9 92-7512200 4 |" 
2665| 6950| L. N. W. 4-6-2Т| 20 x26 9 |140 947 231 239 |17544 Sul 
94415350] C.R. | , | 19x26 1 | 1211395 20021 -5 | 170155 -1 ЗЯ 9. 
528| 6780 I. N. W. 4.4 21 19 x26 711611706) — 22-4 | 175139 5 [74 :75|1705 2} | | 
8 2180 N.S. 20 x28 1} |132 878 194.21 -2 |170/37-2 70-5 2000 3} | 7 
114| 2048| №5. 0.6'4Т| 20 x26 9 |130 878 194/21 -2 |17055 ap 
356 10950| L.Y.R. [2-4-2T| 204 x26 4 |107| 691/191 18-75 180 som 
— 7100 L.M.S. |0-6-0T| 18 x26 6 | 97, 877 — 16-0 |16050-2 [50-2 |1200| 24 | 


= 


LONDON AND NORTH-EASTERN RAILWAY. 
cio DE CUN NP ACER Se ee 


= 7 
x Cylinders | Ё | Wheelbase | Heating š 
ew Essie Sir ш 
No, | Section | Type Diam. x 9S eic 2 4 Weight Tender 
Stroke| 2 $ | Coup. | Total 3 5 5 8/3 
8 121216518 
ins. ins. ft, ins.|ft. ins.) 54.) sq. sq. sq. Ibs. adh. total|gals. fuel |wgt 
ft.| ft. | ft.| ft. tons tons tons tons 
4470] С.М. 462 |(3)20 x26 14 6 9 | 215 2715152541 .2 180 60 "4 |5000 8 56.3 
2400) М.Е ‚ |(3)19 х26, 15 0 2 | 2002164 50141 .5 20060 |101:5|4125| 5} 46.6 
6169! С.С. 4-60 (4)16 x 15 6 163 1881/34326 18057۰179۰1 4000 6 48.3 
5423 » »" 214 x26 H 15 6 28 10 1632020294 % 180 57 575 -2 |4000 6 48-3 
5416 ” ” 2 26 68 |15 3 174 1641 30826 ‘2|180 53۰972۰9 |4000| 6 48.3 
5072 "m „ |(4)16 x26 14 5 163 1881 34326 -2 18058. "5179 -5 14000] 6 48:3 
5195. n » 21 х26 [81 |14 6 133 1818 m 26 21 -2 18055 .2 71.0 |4000 6 48.3 | 
6105 ” 19 х2 14 0 1331818) — 25 7 18052۰167۰3 4000] 6 48-3 
8500 СЁ ” 20 x28 78 14 0 144|1489 286 26 -5|180 43 -4 63:0 3700 4 38:3 
211 N.E. | „ 2 x26 80415 2 120 1336 294 23 -01175 519,67 -1 |4125| 5 41-1 
782 ” n x26 173414 0 140 122936123 -0117553.971-1 |4125 5 44-0 
840 б " (18, X26 68 13 6 166/1400/392 27 -0/18058.777:7 |4125| 5} 46.1 
4650 G.N. 2-60 x26 68 |16 3 152 1477 305124 -0/180 53 4192 "7 |3500 6$ 43-1 
4630 » " x26 16 3 135| 943/230 24 -5180/51 -7161 -7 |3500) 6} 43-1 
4000 M (98) xis 68 16 3 182 1719 407 28 -0 180 60 0/71 “7 |3500) 6$ 43-1 
9868. NB. [4-4-2 x28 |81 | 7 3 184 1619/26328۰5 180140 0/76 7 4240 7 45-4 
4452 G.N. ” 20 x24 |80 | 6 10 141/1882 427 31 “0170/40۰0 69'6 3500| 6% 43-1 
5 19 x24 80 | 6 10 135| 981/254 24 -5|170 32 2160 -0 3500) 6} 43-1 
3271 » » 18} x26 |80 ' 6 10) 135| 981/254 24 .5|170'33 4,587 |3670 5 40-9 
3251 » " 19 x24 |80 | 6 10 141 188242731 - -0|170 40 ‘0|69 6 3500 6} 43.1 


złz 


LONDON AND NORTH-EASTERN RAILWAY—continued. 


x j 

Cylinders i Wheelbase | ae š 

A‏ عب حا 

ЧА MY Section Type турат. x 3 м š Pe 2 3 Weight Tender 
Stroke 2 Coup. | Total 8 3 & s |= 
8 & = п 5 là 
f | 
ins, ins. ft. Ins. ft. іп.) sq. | sq. | sq. | sq. libs ladh. total |gals.|fuel gt. 
ft. ft. ft. ft. tons tons tons tons 
292 3292 G.N. 44.2 413228 80 6 10 26 4 141 | 2337 — 31.0 [20040069 |3670 5 409 
| 

2212) 2212, N.E. | „ [(3)16}х26 82/7 7 29 6 | 185 | 1298 392 27 |17540-779-2 4125 5} 46.6 
532 532  „ | „ | 20 х28 82 7 7 28 0| 180 | 1295 | 392 27 |17540:2/76:2 4125 5. 45.6 
730] 730 „ „ [411426 881 7 6 28 9 | 180 | 1345 | 271 200894782 3800 5 442 
258 5058 G.C. | „ (3jf х26 81 7 3 27 9 154 | 1349 | 242 26 [18037-01733 4000 5 48-3 
192 51921 „ | , x26 81 7 3 27 9} 154 | 1349 | 242 26 180370719 4000 6 48.3 
506 „ 1440| 20 x26 81 |10 0 25 3 155 | 1388 | 209 126-5 180 39.8611 4000 6 48-4 
429 > 20 х26 81 10 0 25 3 155 | 1388 209 26:5 18039661 4000 6 484 
258 9258 N.B. |” х26 72 9 6 23 7|139 | 1013 192 21 |18037.157-2 4235 7 4686 
1850 8850 С.Е. % 19 x26 84 |9 0 23 6 | 118 1158 | 155 21-6 |18034 0/52 .0 |3450 5 39.2 
2011 2011 М.Е. o 19 x26 82 9 6 23 9 | 139 975 | 204 |20 160 35 -5/54 -1 4135 5 412 
— 234 L.N.E. 4-4-0 |(3)17 x26 80 10 0 24 111715087150 354°3 26 180 42 66 4200) 7$ 52˙7 
1013 6013 С.С. 19 x26 81 9 9 23 10} 141 1238 | 154 21 18035-255-7 4000 6 48.3 
47 6847| G.N.S. | „ x26 73 8 9 21 94 106 | 754 | 140 18-24 165 33-4487 3000 5 [37.7 
1326| 4326) С.М. | „ 17126 80|9 0 22 0| 120 | 1130| — 19-0 |17531:047-5 3670 5 140-9 
1270 8270 С.Е. 0-6-0 x |59 18 10 18 10 144 1489 | 202 96.5 180 54° 854-8 3500 5 |38-3 
88 9088 N.B. » 19} x26 60 16 11 16 11 | 149 1094 | 176 119-8 118054 -7 54 - 7 3500 7 409 


| 
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LONDON AND NORTH-EASTERN RAILWAY — (continued) . 


| 14 | Неан | 
Cylinders | & | Wheelbase song 
Old | New | section |Т SIS | d کک‎ ВЕТ 8А N 
No. ction Type iam. x E ж E 2 2 3 eight ender 
| Stroke, 2 Coup. Total 8 4 É Е |= 
| 8! 8121918 
ins, ins, ft. ins. ft. ins. $4. sq. | sq.) sq. «bs. lad. total |gals. fuel jwgt. 
| ft.| ft. | ft.| ft. tous tons tons tons 
С.Е. |0-6-0| 19 24-4 59 17 8 |17 8 1071516-- 21-318044:544.5 |3500 5 138.2 
М.Е DER 55316 6 16 6 136 943— 20 180 49 -5 49 -5 3000 31 |37 -6 
МЕ. 0-80 1 26 55} 18 6 18 6 166166339227 180716716 4125 5} 44-1 
ii b 55117 2 |17 2 140122936124 180659659 |4125 5} 44-1 
$ эў 20 X26 55 17 2 |17 2 12011436 — 21۰0175611611 4125 5 40:9 
G.C 2 19 x26 56 17 1 |17 1 1401655 — 23-6 180 63-0 :0 4000 6 48-3 
G.N a 5 x 58 17 817 8 137 1302 — 245175587557 3670 5 [40.9 
H.&B 26 54 16 6 16 6 1331728 — 22 17561-5615 3300 4 29-4 
С.М. 2-80 (uis 28 56 18 6 27 2 1631868 430127 - 8118067 3/75 8 |3500 6} 43-1 
ü „ |(3)18 x26 56 18 6 26 4 163156843027. 518066 676-4 3500 6} 43-1 
G.C. b 21 Х26 56 17 1 25 5 174 1641 30826 -2 180 67 9/75 -2 4000 6 48-3! 

! Тап! 

М.Е. |4-8-0 (3)18 x26 37415 3 20 0 127168 — |23 |17567 685-4 2500 44 k. 

С.С. 0-8-4 |(3)18 x26 56 17 1 20 8 |154 IRIS — 26.2 18075 -6/99 -0 A 

4-6-2| 20 x26 67 13 0 32 9 141123814521 18054-085-9 2280 4} | ,, 

GE. 0.6.2 18 x24 58 16 3 23 0 113 1281— 17-7 1801 49-261 .6 |1600 31 | ,, 

G.N. š 19 X26 68 16 3 23 9 |118| 880120819 170 55.7705 2000 4 |, 

N.B. te 18 X26 54 15 6 22 6 951214-- 16-6175 49262۰8 1630 44 | ., 

„ 4.42 19 x26 (9 ‚8 3 28 11 93) 913 220/16 Assen 37. 5 2080 4$ | ,, 


bez 


GREAT WESTERN RAILWAY. 


Ed. Heating 
IPS | Онан Wheelbase Surface j 
ew ETT E ak ГЕУ дыш. ё 
No. No, | District | Type Diam, x 2 RT gj; 8 E Weight Tender No. 
| | 8 cou. | Тош | £| 4 $ 8 š 
E 
ins. ins. ft. ins. tt. кы $a: 52: ЕТ к pu gals, Panik t ka 
. 5 1. e ons tons ons ton: 
6000 G.W. (4-6-0 |(4)16}х28 78 |16 3 29 5 34:325067:5 4000 6 Ав" "716000 
4046 % 4-6-0 (4)15 x26 |80114 9 27 З 154 1686 263/27 -1/225/55 -4 75 -6 3500| 6 40 4046 
4073 Я „ |(4)16 x26 80114 9 27 3 164 1885 26330 -2 22558 .8 79.8 3500| 6 40 4078 
2931 „ „ 18} X30 80114 9 27 1 |154 1686 253/27. 872 3500 6 40 |2931 
100) 2900 70 " 18 x30 80 jM 9 27 2 154 1686/263 27 .5 67.8 4000] 5 43-12900 
171) 2971 3x n 18 X30 80114 0127 3 |154 1686/26327. 70۰2 4000) 5 143 1/2971 
33| 2600 ” 2-6-0 18 х26 x 15 0 |22 6 128135019220 56-7 3000) 6 |36 -7/2600 
97| 2800 » 12-8-0 18} х30 10 25 7 1541168626327 * 5175-5 3500] 6 |40 -0/2800 
4331 „ 2.60 18}х30 8814 9 23 6 128 1350 19220. 062 3500 6 40 |4331 
4300 ” " 18} x30 68 14 9 23 6 1281350 19220. -062 3500 6 40 |4300 
102 „  |44-2/4)138x253,/80)| 7 08/27 10} 154 1686/263/27. 2% 4 35006 40 102 
20 | 
103 » wich X254 Вор 7 0128 64 154 1686 263127 122538 70-7 ұш в 40 | 103 
23 
3473| 3800 „ 14-4-0 4 x30 |801 8 6 24 0 128 1350 192/20 -5 200 37 65% 8 ‚3500 6 10 3800 
4120) 4168 ” +. 18 x26 801 8 6 22 6 1221145| 82/20 -3 195 35 18 3 3500 6 40 4120 
4700 еч „ 12-8-0 19 х30 68 20 0 29 3 169 2062 289 30 er 73-482 3500 6 |9 4700 
«We Tank 
79 1380 Рану 0-8-2) 20 х26 |52 |15 5 22 11 1151285 — |22. 716059 6 73-0 ‚2100 3} Е [1380 
11| 3600 G.W. 2-4-2 17 x24 62 8 6 24 0 1221059 100 20 -3 195/35 -066-6 1900 — | „ 00 
3 =438 as 356 except Boiler Pres sur e= 160 | 
123 | 356 Тай Vale 0-6-2 18} x26 63 |14 6 20 7 1001219 — 18.3175 57 -6 69-0 
42 —439| as 438 | | 
4500 G.W. |2-6-2| 17 x24 |55111 1 26 10 | 941020] 78 16 -6/200 43 :5,57.9 
5600 0-6-2 18 x26 55115 21 9 1221145 8220. 3.19555 -6/68.6 


Stz 


SOUTHERN RAILWAY. 


2 | Heating 
Cylinders £ Wheelbase | Surface i 
Е 7 $ zl © š Weight Tender 
2 | Coup. Total |2 3182| 8/5 
ELA 2 | 
ins jns ft. ins. ft ins. $4. | sq. sq. sq. BR: ОШЕН, fuel wgt. 
LET ft.| ft. ft. | ft. tons tons | tons tons 
482 E 482 L. S. W. 4-6-0 21 X28 72 13 9 26 74167 171630830 180/604 81˙2 [ун 5 577 
496 | E 446 ^ ”> 21 X28 67 13 9 26 71162171630830 18059 8 79.8 5000 5 57:6 
335 E 335 „ " | 21х28 72 14 4 27 21162 1716 308 31-5175 59-5 82-1 4500 5 48-6 
458 |Е 458 ” „ |4)15 x26 79 |14 4 27 8 158 1280 269 31 5 175 53.2 75-8 5800 5 604 
737 |Е 737 у „ 22 х28 79 14 6 27 6 1621716 30830 18058-3 80.3 5000 5 578 
Е 850/S.E.&C „ (4)16 х26 79 |15 0 29 6 1194179537633 220 61۰198310 5000] 5 56 +14 
337 |В 337 1..В.5.С. 2-6-0 | 21 х2 66 15 6 23 9 139 1156 279 24 -8 170 55:5 64:0 39401 4 415 
822 |А 8225.Е.&С. „ |(3)16 х28 66 15 6 24 4 135 1390 285 25 |19053 62:7 |3500 5 (393:3 
810 |А 810 7 ә x28 15 6 24 4 135139028525 200 50:9 59-4 3500 5 39-3 
37 |B 37 L. B. S. c. 4-4-2 18} x26 79} 6 10 26 4 13712333 — 31 20037 2 68:2 3500 4 (39-2 
179 A 179 S.E.&C. 4-4-0 19 х26 |78,9 6 23 61127115022824 180 34°6 53-4 3450 44 39:0 
760|A760| „ „ | 20x26 80 10 0 24 3} 16012522542 -5 160/37-7 57:4 3450 4 40°38 
415 E 415 I. S. W. m 19 26 79 10 0 23 3 |161| 99319524 175 36:5 |55:2 |4000 |44 *8 
42|B A2LBSC.| . | 19 x26|81| 8 9 22 2 |1201505|— 23.7 180 35 4 51.5 3000 4 35-2 
492 E 492 L.S.W. |4-8-0| 22 x28 61 18 0 32 0 1139 1267 23127 180 729 95-1 |2000| 3} Tank 
516 E516 L.S.W. 4-6-2 21 x28 67 15 0 36 6 1139 1267123127 18059 96-4 | 3 E. 
790 A 790 S. E. & 2-6-4 19 x28 72 15 0 35 10 1351390 285 25 200 Š =. 7 826 |2000 2 » 
$27 |B 327 1..В.5$.С. 4-6-4 22 x28 81 14 9 40 0 15201535 383 26˙7 170 56:7 98:5 |2700 3 % 
696 | А 696 S. E. & C. 0-4-4 174 x24 7 6 21 10 100 971 — 16-2155/31:3 514 ІІ 23 1 o 
5 RAILWAY. 
103 | | 19 х26 Fe Les — 416039 77 2000 # [Fase 
2-6-4 | 19 x28 66 1381 |1390 285125 -0/200/54 - 7 |87-6 | 2000 


111 


ore 


Old) New 
No.) № 


Section| Type 


IRELAND (5 ft. 3 in. gauge). 


2| 
i % Heating 
Cylinders 2 Wheelbase Surface 
Diam. x A и 8]. 
| Stroke| 2| Coup.| Total 3 2/5 
8 Rl ela 
ins. ins. ft. ins. ft. ins. 59. = 59. sq. Ibs. adh. 
t. | ft. | ft. 
19} x26 61} 14 6 24 104 153 1467 
(414 x28 79 15 3 1 |158 1614144028 
19 x26 61416 0 0 13814 
19 x26 61117 0 0 |132 1493 
19 x26 613 17 0 0 132 1403 
18} х 26 554 16 8 8 122 1397 
18} x26 63 16 3 16 3 1401213 
19 X26 79 9 1 2 11351 
19 x26 79 9 6 04141 975 
19 x24 72 8 2 3 |123 1045 
18%х26 79 9 3 |22 6} 137 1398 
18 Х26 75 9 3 6 |1511213 
28 х24 172 8 2 3 1081146 
19} х 26 54} 15 3 14138 1426 
18 == 16 1 1 UNS 


3345 


34 


Lez 


“SHIRE” Crass, L & N. E. R. 


È driven by Walschaerts gear 
theseengines to be fitted with 


THREE-CYLINDER PASSENGER LOCOMOTIVE, 
Piston valves (8 in. dia 


in conjunction with со: в patent system for the inside cylinder. Some о 
Lentz patent poppet valves. Wheels: Coupled, 6 ft. 8 in. dia.; bogie, 3 ft. 14 in. dia. 
Total evaporative H.S., 1, . sq. ft. 


No 234. 


Cylinders (3): 17 in. dia. x 26 in. piston stroke. 
Heating surface: 


1:50 sq. ft.; tubes, 871°50 sq. 8 flues, 354:53 sq. ft. 
с Grate area, 26 sq. ft. Working Pressure, 180 Íbs./sq. in. 


Adhesion weight, 42 tons. 


Firebox, 1 
аре еа ing surface, 2461 sq. 


Weight in working order, 66 tons. 


ghz 


Weight 


= [ ЕР 
Sp E Tr 


E NU UN 


77 
16.10:0 19:10:0 900 600 1.7200 


Express Locomotive No. 532, N.E. Section, L. & N E.R. 


6*z 


No. 6100. THREE-CYLINDER EXPRESS LOCOMOTIVE, ''Rovar Scor” Crass, L.M. & S. Ry. 


Cylinders (3), 18 in. dia. x 26 in. piston stroke. Piston valves driven by three independent sets of 
alschaerts gear. Coupled wheels, 6 ft. o in. dia. Heating surface; Firebox, 189 sq ft.: tubes 
flues, 1,892 sq. ft. Total evaporative H.S., 2,081 sq. ft. ر ا‎ surface, 445 sq. ft. Grate 
area, 31:2 sq. ft. Working pressure, 250 lbs./sq, in. Weight in working order, 84 tons 18 cwt. 
Adhesion weight, 62 tons ro cwt. 


oSz 


4-6-О Туре. 


HEATING SUR 
Firebox ЈӘЙ af 


I 
USES [ алт 
| | | | Total 198927 - 
8 | | | Ереже 376 м | 
3 fp E Nene Are AST 
| | “Мәе es 
IT „a 


2h Me E rs 205134 20213. 
No. E850, “LORD NELSON," FouR-CvLINDER EXPRESS LOCOMOTIVE, 
SOUTHERN RAILWAY. 


Cylinders (4), 16 in. dia. Х 26 in. stroke, Coupled wheels, 6 ft. 7 in. dia. 


162 


2-6-О Туре. 


\ Grate Area 2745. 
— 


No. 13000, MIXED TRAFFIC Locomotive, L. M. S. R. 


een, 307.0 ES КЕШ 


zSz 


О-6-О Туре. 


CUN 


0: ДА. — 
r 197 H« 180 136 


139 Crass Соорѕ LOCOMOTIVE, L. N. E. R. 


Есе 


О-8-О Туре. 


/39:90 
1625-08 | 
207.98 


SUSE 


Weight: 15:6:2 /&6:2. 154:2. Se Toll: 6/50. 


Goops LOCOMOTIVE No. 1052, GREAT CENTRAL SECTION, L.N.E.R. 


oz 


О-10-О Туре. 


ESEE: 
SET: 


Four-CYLInDER BANKING ENGINE, MIDLAND SECTION, L.M.S.R. 


Sez 


Хо. 2393, THREE-CYLINDER MINERAL LOCOMOTIVE, WITH BOOSTER, L.N.E.R. 


9Sz 


2-8-0-0-8-2 (Garratt) Type. 


' 
ст 30 tbs. 

ШЙ HEATING SUR 

| fire box 522% 


BRETT уц IG 
rer fi 2800. 
— — — 


ESAN 


AS 


Ma Vater — 
ie, 


No. 2395, SIX-CyLINDER GARRATT LOCOMOTIVE, L. N. E. R. 


2-6-4 Туре. 


Tota! 162544/ 


No. 111, GOODS TANK LOCOMOTIVE, METROPOLITAN RAILWAY, 


gSz 


2-4-2 Туре. 


— of 


PASSENGER TANK LOCOMOTIVE, GREAT WESTERN RAILWAY. 


66= 


О-6-2 Туре. 


% š “ 
MUN. 124: 24/ 


< 7 LES САГЫ 
Jor 18е 6: gr ige Mr ёс Z2r ile 


No. 8002, PASSENGER TANK Locomotive, L.N.E.R. 


ogz 


PASSENGER TANK LOCOMOTIVE, METROPOLITAN RAILWAY 


192 


0-8-2 Туре. 


Weight: 15.0.0. 15.0.0. /6.16.0. 16.0.0. /2.0.0. Tolal: 72./6.0. 


MINERAL Tank Locomotive №: 79, Barry SECTION, G.W.R. 


292 


4-8-О Туре. 


| Water 2000 gah 
үе 237427 
s Aree 2: 701 sity 


No. E492, Goops Tank LOCOMOTIVE, SOUTHERN RAILWAY. 


Egz 


О-8-4 Туре. 


fal | 
ра = Li 


tez |= 


THREE-CYLINDER BANKING Locomotive No. 1171, G.C. Section, L.N.E.R. 


toz 


4-6-4 Туре. 


No. 11110, FOUR-CYLINDER PASSENGER TANK LOCOMOTIVE, L.M.S.R 


4-6-2 Туре. 


гү Ш L 
г — 
ES age тубар БХ 


— 89 — 2200 


e 


2300 1800 


FOUR-CYLINDER COMPOUND SUPERHEATER EXPRESS LOCOMOTIVE, 


Cylinders: Dia., Н.Р., 460 mm, 
valve gear. Wheels : Dia., саре! 


Evaporative, 238 ms.; Superheating, 7100 m.2. 


GERMAN STATE RAILWAYS. 


L. P., 720 mm.; Piston stroke, 660 mm. Piston valves, Walschaerts 
2.000 m. Bosie, 10.850 m.; Trailing, 1.250 m. Heating surface: 
Erate area, 4:5 m*, w. orking pressure, 16 kgs./cm?, Weight 


in working order, 108 tonnes. Adhesion weight, 60 tonnes. 


992 


4-8-2 Туре. 


TU | | | 
5633 


.. RT ——ññx 


7 A In»: 
iow. Ke S ener AUN cL ‚Fe абез 75 N 


Four-CYLINDER COMPOUND SUPERHEATER EXPRESS LOCOMOTIVE, PARIS, 
LvoNs, AND MEDITERRANEAN RAILWAY. 


Cylinders: H.P. dia., 510 mm; piston stroke, 650 mm.; L.P. dia., 720 mm. piston stroke. 700 mm. 
Piston valves, Walschaerts valve gear. Wheels: Dia. , coupled, 1-790 m. ; bogie, 1 500 m.; trailing, 1-360 m. 
Heating surface: Evaporative, 255-70 m.*- superheating, 113-90 m.* Grate area, 5* 000 m2 Working 
pressure 16 kgs./cm.? Weight in working ‘order, 116-86 tonnes. Adhesion weight, 74 tonnes, 
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SOUTH AFRICAN RAILWAYS—3 ЕТ. 6 IN. GAUGE, 


— [7 
Wheelbase, | Boiler | H. Surface. | Weight. 


Cylinders. Coup. ___________|Pressure, | Grate. 
Wheels | | Ibs. E | | | 
Rigid, | Total. |sq.in. | Evap. | Super. | | Adh. Total 
ins. ft. ins. ft. ins. 

22 x26 60 10 9 29 5j 180 1706 292 53-1 82.35 

24 х26 51 9 0|32 1 185 2510 466 405! 69-1 96-9 

221 x 26 51 9 0 31 9 180 2470 669 40 66.55 | 922 

22 x28 57 10 0,33 8 185 549 |40 64-55 | 91-95 

214 x28 54 9 17182 1 180 554 |37 62-35 | 86-35 

21 x26 48 8 6/30 7 180 2048 549 59: 5 
20 &3llx26 48 8 8 437 200 3211 616 |53 10565 | 128-25 
18 K 28)x26) 45 8 4/33 5 200 2214 580 | 42-5 | 867 95-1 
16} 826 x24) 42 8 4132 8 200 1913 398 40 79-1 86-65 

. RHODESIAN КАПЛУАҰ5--3 ft. 6 in. GAUGE, 
20 x26 | 54 F2 vai 8 180 | 1527 488 32 51:85 | 76-45 
20 x24 54 0 175 1242 338 | 31-2 | 5165 | 66:55 
SUDAN GOVERNMENT RAILWAYS-—3 ft. 6 іп. GAUGE, 

18 x26 62} | 13 3|24 0 180 1518 | — |2475| 30-75 | 5 

18 x24 54 10 0/25 9 180 1237 283 22-5 3385 | 54-05 

21 x27 54 14 8 30 0} 1537 268 33-1 | 582 

! 


UGANDA RAILWAYS METRE GAUGE 


Wheelbase. | Roiler H. Surface. | Weight. 
Type Cylinders. Coup. Pressure. Grate. | 
Wheels. | а | 
Rigid. | Total. n. Evap. | Super. Adh. | Total. 
ins. | ft. ins.) ft. ins. | 
4.8.0 | x22 | 4 3 01213 1173 | — |175 | 3445 | 42-3 
0-6-6-0 19% 24120 39 8 3|24 3 | 1442 | — |33 | 59.05 | 59-05 
SIERRA LEONE RAILWAYS-—2 ft, 6 in. GAUGE. 
4-8-0 | 12х16 | 28 | 9 о | 16 0 | 160 | 724 | — |18 18-9 | 23-8 
GOLD COAST RAILWAYS—3 ft. 6 in. GAUGE. 
4-8-0 | 18x21 | 40} |12 3121 6 | 155 | 86 | 181 16-75 | 174 | 448 
NIGERIA RAILWAYS-3 ft. 6 in. GAUGE. 
4-6-0 18x22 54 |11 0|22 7 | 160 999 | 208 |178 | 346 | 47-66 
4-8-0 18x23 422 | 8 0|21 31 | 160 | 880 | 168 |175 | 384 | 50-15 
4-8-0 17x21 40 |12 0|21 3 160 952 | — [158 | 310 | 41-35 
4-8.0 20x24 45 8 6 22 9 | 160 | 1324 — 28.5 | 4565 | 56-9 
6|21 5 160 987 — |140 | 262 37-8 


2-6-2 15х20 ` 40 j 10 


INDIAN КАПЛУАҮ5--5 ft, 6 in. GAUGE. 
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INDIAN RAILWAYS—METRE GAUGE. 


Wheelbase. cu | H. Surface. | | Weight. 
Rly.Co. | Type. | Cylinders.| Coup. Grate. | 
Wheels | 

| | Rigid. | Total. E y Evap. Super. | | Adh. | Total, 

| ins, | 
A.B.R. 112 }15-3 | 2765 | 36:35 
BIRAN f 140 15.3 2745 | 35-95 
Bh, К. 130 | 15-0 | 254 | 339 
SLR. | 146 | 16-0 | 27:35 | 35-85 
SER. | 108 | 16-0 | 28 36-3 
SLR | 108 | 15-0 | 28-05 | 36-45 
M. & | per 
S. M. K. 4-6-0 | 164x22 130 | 15:3 | 254 | 33-9 
SLR. | 4-4-0 | 14 x20 66 | 12-5 | 1625 | 26-1 
S. M. R. 4-8-0 |16}х22 | 43 | 160 | 16-8 | 33:3 | 41-75 
B.R. 0-6-6-0 | 15} & 244| 39 = E | 595 | 59.5 

х20 
INDIAN RAILWAYS—:2 ft, 6 in, GAUGE. 

BNR. | 462 | 16 x18 | 42 | 8 0/23 71 150 | 787 | 173 |175 | 2095 | 35-2 
ММК. | 282 |16 x18 | 34 | 9 7/2210 4 160 | 995 | 234 |205 27-75 | 394 


FEDERATED MALAY STATE RAILWAYS—METRE GAUGE, 


| 
Weight. | 


Icytinders} С Wheelbase, poter H. Surface. | 
T: nders| Coup. | _ & Ў е. 
Vase E Wheels. Ibs. per | 
Rigid. | Total. | sq. in. | Evap.|Super. | Adh. Total 
— PAY. a | 
4-6-2 |17 х24 54 185 1000 | 217 |185 31˙5 m | 
4-6-2 17 x24) 54 27 0 170 | 1403 | 350 |240 | 30-0 [9101 


NEW ZEALAND GOVERNMENT RAILWAYS-—3 ft. 6 in, GAUGE. 
| 4-6-2 |17 x26 | 54 |10 0| 27 1| 180 | 1150 | 155 | 33-3 | 30-7 510 
AUSTRALIAN RAILWAYS, 


547 305 
445 28-75 


20-3 | 33-35 | 45-85 | 
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“ HEILMANN " STEAM-ELECTRIC LOCOMOTIVE. 


This locomotive was built in 1893 by 2.2; Heilmann, Paris, 
in collaboration with M. Drouin, Chas. Brown (Winterthur 
Locomotive Works) and C. E. L. Brown (Brown, Boveri 
and Co.). 

The boiler and steam engines were built at the P. L. M. 
Forges, Havre; the dynamos and motors by Messrs. Brown, 
Boveri & Co., and the frame, trucks, etc., by the Compagnie 
de Matériel de С, de F., Ivry. 

The locomotive consisted of a carriage on two four-axle 
bogie trucks ; each of the eight axles being actuated by an 
axle-wound motor. The boiler was placed on the back bogie 
(the chimney being therefore at the tail end of the 
locomotive). 

The steam engine and the dynamo, ec with the 
exciting plant, were carried on the front bogie. 

The boiler was of the “ Lentz” type, having 1561 sq. ft. 
heating surface and 24 ft. grate area. tanks carried 10 tons 
of feed water and 6 tons of fuel. 

The steam engine was horizontal compound designed for 
600 H.P. at 360 r.p.m. to 1,000 H.P. at 600 r.p.m. Н.Р. 
cylinder was 17-67” dia., and the L. Р. 25-56°—the stroke in 
each case 11.8”. (In the test the engine seems only to have 
developed 650 H.P.). The boiler pressure was 12 atmospheres. 


The dynamo is coupled direct to the engine shaft; its 
normal output at 360 r.p.m. was 1025 ampères at 400 volts, or 
410 kilowatts equal to 560 effective H.P. 


The exciting dynamo ran at 350 r. p. m., and had an output 
of 260 ampéres at 50 volts, or 13 kilowatts, of which only 5 
were required for excitation and the remainder served for light- 
ing the train ; it was driven directly by а small vertical steam 
engine with two cylinders 5-89* dia. by 5-89” stroke. 


The motors were continuous current, each 80 H.P. or 60 
‘kilowatt. On a trial trip of 36-25 miles with grades 1 in 154 
and 1 in 200 and with a train composed of locomotive, 
120 tons, five carriages and two vans, 63 tons, or a total of 
183 tons, the average speed was 43-75 m.p.h., and the 
maximum 62 m.p.h. 
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„ REID-RAMSAY" STEAM TURBO-ELECTRIC 
LOCOMOTIVE, 1904. 

This locomotive, built by the North British Locomotive 
Co., Ltd., consists generally of a vehicle on two compound 
bogies (each 4-4-0 type), and equipped with a locomotive- 
type boiler, turbine engine and condenser, and with electric 
generator and motors. 

The boiler is fitted with a superheater. The turbine is of 
the impulse type and runs at 3,000 r.p.m. The dynamo is а 
continuous current, variable voltage type supplying current 
at 200 to 600 volts to four series-wound motors, the armatures 
of which are built on the four main axles. The exhaust 
steam from the turbine passes into an ejector condenser and 
is, with the circulating condensing water, delivered even- 
tually to the hotwell, and thence pumped back to the boiler. 
The supply of water in the tank is for condensation purposes. 

The cycle of the condensing water is as follows, viz., from 
the tanks through the first pump then through the condenser, 
where it becomes heated, then to the hotwell; from the hot- 
well it passes through the second pump to the cooler battery 
of tubes at the front end of the locomotive; there its tem- 
Beate is reduced and the water is returned to the supply 
tanks. 

The condenser system deprives the locomotive boiler of its 
usual draught apparatus (the blast pipe), and a forced 
draught system is installed. The fan is placed within the 
cooler so t it will deliver hot air to the furnace and at the 
same time assist the current of air through the cooler tubes. 


“ RAMSAY " CONDENSING TURBO-ELECTRIC 
LOCOMOTIVE, 1921. 

This locomotive was designed by D. M. Ramsay of the 
Ramsay Condensing Locomotive Co., and was built by 
Messrs. Sir Wm. G. Armstrong, Whitworth & Co. 

]t consists of two vehicles, the boiler vehicle having a 
2-6-0 wheel arrangement, and the vehicle for the turbo 
generator and condenser is of the 0-0-2 type- 

The locomotive type boiler has a to нозан; surface of 
1453 sq. ft., a grate area 28-4 sq. ft., and the working pressure 
is 200 Ibs, per sq. іп. The impulse pressure Compounded 
Multi-stage turbine is connec to a three-phase generator 
Oerlikon) developing 890 kilowatts at 3,600 r.p.m., and 

current to four three-phase slip-ring motors of 
275 Н.Р. each. One pair of these motors is on each vehicle, 
and is geared to countershafts with cranks for driving the 
wheels ugh coupling rods. A separate continuous current 
а is provided for excitation of the generator and is 
driven by an auxiliary turbine. 

The condenser consists of a series of tubes mounted in a 
cage that revolves them slowly through water. 2,200 gallons 
of water are provided. The cooling is assisted by a large air 
fan. The condensate is delivered to the hotwell and thence 
forced into the boiler by pumps. 
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Forced draught apparatus is provided. 


In working order the boiler vehicle weighs 67 tons 5 cwts., 
and the condenser vehicle 63 tons 10 cwts. ; a total of 130 
tons 15 cwts. ; of this weight, 108 tons 10 cwts. is available 
for adhesion. The overall length is 69 ft. 7 ins., and the total 
wheelbase 59 ft. 4 ins. Experimental tests of this loco- 
motive have been made on the London & North Western Ry. 


THE GEARED STEAM TURBINE. 


The Geared Steam Turbine has, as is generally known, 
been for many years in successful operation for a great variety 
of power installations, including ship propulsion, electric 
power stations and other industrial purposes. The practical 
success of such plant, both from the mechanical and com- 
mercial standpoint in respect of steam economy, high 
power capacity and reliability, has, very naturally; ensured 
that serious consideration would be given to an application 
of the main features of the Geared Steam Turbine to the 
locomotive steam engine. 


Such an роп clearly involves the provision of a 
condenser and auxiliaries, in addition to the substitution of 
the turbine and driving gear in place of the reciprocating 
steam engine, and of some system of forced draught, for the 
boiler, in place of the induced draught produced by the 
exhaust steam. 


THE ZOELLY GEARED STEAM TURBINE 
CONDENSING LOCOMOTIVE, 1921. 


This locomotive was designed and constructed by the 
Swiss Locomotive & Machine Works, Winterthur, in con- 
junction with Messrs. Escher туа & Co., of Zurich. It 
takes the form of an experimental adaptation of an existing 
2-6-0 буре locomotive with tender. In the application the 
main d var machinery, comprising turbine and gearing, is 
located at the front end of the locomotive and between the 
main frames. 4 


The power developed by the turbine is transmitted through 
double reduction gearing having a ratio of 30 to 1, to a jockey 
shaft, and thence by means of connecting rods to the six- 
coupled driving wheels. The exhaust steam from the turbine 
is led to a surface condenser situated underneath the boiler, 
where it is condensed and returned to the boiler as feed water, 
the circulating water for condensing purposes being cooled in 
a лодар porn une air-cooled evaporative 1уре water 
cooler. cooler consists of a casing over the tender tank 
containing in its upper part a number of distributing tubes. 
Circulation is maintained by a small turbine · driven centrifugal 
pump which drains the water from the tender tank, passes it 
through the condenser and then it back to the re-cooler 
on the tender. The pipes in the latter have small perforations 
and a fine spray of water is ejected into a current of air, 
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resulting from the speed of the locomotive. The loss of 
water as a result is said to be about one half of the quantity 
moony required by a locomotive. This cooler, as will be 
seen, in conjunction with the coal bunker, forms an inde- 
possent vehicle, replacing the original locomotive-tender. 

mplete forced draught equipment is fitted to the boiler, 
есет Зыр. place of the original blast arrangement. 

It been reported that under actual service conditions 
the general performance of this machine has fulfilled expecta- 
tions, inasmuch as it has demonstrated an o fuel 
economy of 25 per cent. over that of a reciprocating loco- 
motive of equal power. 


THE REID MACLEOD GEARED STEAM-TURBINE, 
CONDENSING LOCOMOTIVE 1920. 
This locomotive has been designed and constructed by the 
North British Locomotive Company, Glasgow. 
As shown at the British Empire Eehibition (1924), it takes 
the form of a double-bogie vehicle. The upper structure is 


reciprocating 2er and no coupling 


jed evaporative type, 

fitted with air induction fans and water-vapour sprayin joe: 

= 0 is "loco. type” with superheater and forced 
ught. 


LJUNGSTROM TURBINE CONDENSING 
LOCOMOTIVE. 


Early in 1921 a turbine condenser locomotive was completed 
by the Aktiebolaget Ljungstróms Angturbin of Stockholm, 
Sweden, and after exhaustive tests on a special plant at the 
makers' works, was placed on the rails of the Swedish State 
Railways at Stockholm in August, 1922. 

The Ljungstróm locomotive consists of a boiler-carrying 
vehicle connected together in such a manner as to prevent 
relative lateral movement of the two vehicles at the point 
of connection, The leading vehicle has five pairs of ing 
wheels, two being in the form of a four-wheeled bogie, whilst 
the remainder are located in the main frames which carry 
the boiler and coal bunker, this latter being arranged over 
the boiler and firebox. The boiler is of the ordinary loco- 
motive type, with a working pressure of 285 lb. per sq. in. 
and small tube superheater. 

The trailing vehicle is the power unit having three pairs 
of coupled wheels and a two-wheeled truck. Power is 
derived from a single direction turbine of the axial flow 
reaction type, acting through double helical reduction gear- 
ing and driving a jack shaft, located in the main gear box, 
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to which the coupled wheels are connected by side rods in 
the usual manner. The gear box is flexibly attached to the 
engine frames, and the turbine is flexibly connected to the 
first pinion shafts of the main gearing and rigidly attached 
to the condenser main tank, The turbine has a maximum 
8 of 9,200 revolutions per minute and is capable of 
veloping 1,800 Н.Р. Reversal is effected by means of 
an idle pinion and shaft controlled by oil operation, and the 
wer of the locomotive is the same for both forward and 
_ backward running. The condenser is of the air-cooled 
type with auxiliary direct water condensation, and comprises 
. à considerable number of copper condenser tubes attached 
to a large drum half filled with water and containing a 
Circulating pump and sprayer. Exhaust steam is discharged 
from the turbine and auxiliaries into the upper half of the 
drum and rises through uptakes into a long header, and from 
thence proceeds through the special copper condenser 
elements to side headers, from which the condensed water 
is finally taken to the drum, the water in the drum forming 
the supply for the boiler. Condensation is effected by means 
of po ul fans which drive cold air through the spaces 
between the condenser elements, these fans being under 
Separate control, independent of the movement of the 
comotive. Two turbine-driven centrifugal pumps feed 
the boiler through feed-water heaters which serve to condense 
Steam from various auxiliaries. 

As the result of the successful working of the Swedish 
engine, and three others embodying various improvements, 
in the эе: тен of 1923 Messrs. Beyer, Peacock & Co. 

„ arranged to take over a license for the manufacture 
of the Ljungström Turbine Condenser Locomotive, and 
Prepared is of a locomotive suitable for English condi- 
tions and embodying the principal features of Swedish 
engines with many improvements devised as a result of the 
trials in service. It was not until the middle of 1926 that 
the new engine was completed, and a trial run on the L. & 

N. E. В. from Gorton to Woodhead was made on Sunday, 
July 4th, when a speed of 45 m.p.h. was attained, Soon 
er the engine was sent to Derby for trials in service on 
the L.M.S.R. At the end of 1926 it was thoroughly over- 
hauled at Gorton Foundry and improvements made in the 
Control, and since that time has been running express 
assenger trains between Derby and Manchester, Birming- 
and London. 

The Beyer, Peacock engine has a main driving turbine 
Capable of developing about 2,000 horsepower, and arranged 
Or a speed of about 10,500 revolutions per minute, corres- 
Ponding to an engine speed of about 75 m.p.h. The boiler 
Carries a working pressure of 300 Ib. per sq. in., the inside 
firebox being of steel plates with a minimum thickness of 


in. 

The grate area is 30 sq. ft. and the total heating surface, 
ncluding superheater, is about 2,260 sq. ft. The six coupled 
heels are 5 ft. 3 in. dia, 
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LOCOMOTIVE WITH INTERNAL-COMBUSTION 
ENGINE, 


In the application of the Internal Combustion system to 
the locomotive, special arrangements have to be made in 
respect of “ starting ” and “ power graduation." “Starting” 
in small power engines may be effected by hand ; in higher 

wer, pneumatic or electric methods may be employed. 

‘or railway work starting must be accomplished with trains 
having a gross weight of from 150 to thousands of tons. 


INTERNAL COMBUSTION LOCOMOTIVES. 


A m experimental engine was built on the Continent in 
1913. It was designed by Messrs. Н. Klose and Sulzer, and 
built at Winterthur by Messrs. Sulzer. The frames, running 

ear and body were furnished by Messrs. A. Bersig of Berlin. 

he wheel arrangement is of the 4-4-4 type, #.¢., a four- 
wheeled bogie, two pairs of motor wheels and a four-wheeled 
bogie. The Diesel engines, of which there are two, situated 
vertically between the motor wheels, have each a pair of 
cylinders inclined at 90 deg. to each other (V type), and 
drive a lay shaft from discs, from which connecting rods 
communicate the drive to the motor wheels at 304 r.p.m.— 
(55 train speed is 62 m.p.h. Тһе weight of the engine is 
95 tons 7 

The engine is started and runs up to a speed of about 
6 m.p.h. by admitting compressed air to the cylinders. At 
that speed oil is admitted to the cylinders and the engine 
works as an internal combustion engine. 

The compressed air equipment consists of a set of four hand- 
worked centrifugal pumps for initial charging of the system, 
two double-acting piston. pumps driven from the engine 
connecting rods, and an auxiliary compressor set driven by a 
two-cylinder Diesel engine of effective 250 H.P., with air 
cooler and a battery of air reservoirs. There is also a multi- 
stage air pump (driven from the main engine connecting rods) ` 
wen acts as a reserve for the auxiliary set, іп the event of 

ailure. | 

Pumps are fitted for lubrication, fuel supply, circulating 
water, as also are water and fuel tanks. 

The sequence of operations is—the auxiliary engine has 
first to be started by admitting air to it, then chan over to 
oil fuel and charges the air reservoirs. The compressed air 
is then admitted to the main engine cylinders and when these 
have attained (as stated above) a speed of 6 miles per hour, 
the starting air valves are thrown out of action and the 
engine is changed over to oil fuel and works normally as an 
internal combustion engine. | 

The tests of this engine were interrupted by the war, and 
the only results hitherto published in this country were to | 
the effect that speeds from 12 to 20 miles per hour had been 
attained. | 

Note.—In the trials of this engine it has been reported 
that grave difficulties were experienced in starting under 
conditions that involved a powerful effort, such as exists on 
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ап up grade, and also in regard to the cooling of the cylinders 
by expansion while working as a compressed air engine 
serving to increase the ignition trouble. 


1,200 В.Н.Р. GEARED DIESEL LOCOMOTIVE, 
5 ЕТ. GAUGE, 

Prof. Lomonossoff (on behalf of the Russian Government) 
has had constructed by the А.С. Co. ot Dusseldorf, а loco- 
Motive of the 4-10-2 type fitted with Aix a uc. four cycle 
engine with compressed air injection. It develops 1,200 
B. II. P. at 450 r.p.m. The cylinders are 17 M ins. dia. and 
164, ins. stroke. A clutch, gearing and coupling-rods con- 
nect the engine to the five driving axles. Between the engine 
and the gear box the main clutch is interposed. In the gear 
box are three clutches controlling three gears having speed 
ratios of 6:6, 4, and 2 to 1 respectively. All clutches are of 
the magnetic type. Reversing is effected on the engine. An 
auxiliary Diesel motor drives the cooling fan, ete. A battery 
of accumulators is provided for lighting. On its road tests 
itis reported to have hauled a train of 1,330 tons up a grade 
of 1 in 100 of 11 miles long at a speed of 8 miles per hour, 


1,200 В.Н.Р. DIESEL ELECTRIC LOCOMOTIVE, 
5 FT. GAUGE, 

Asimilar locomotive has been constructed by the Esslingen 
Engine Works, Stuttgart, and Brown Boveri of Baden, of the 
2-10-2 type fitted with a six-cylinder, four-cycle engine with 
compressed ат injection. The cylinders are 17 4 ins. dia. and 
19% ins. stroke, It develops 1,200 В.Н.Р. at 450 r.p.m, 
The drive to the generator, which is of the 12 pole type, giving 
800 Kw. at 600 to 1,100 volts, is made through an elastic 
coupling. Each of the driving axles is fitted with an enclosed 
tramway motor series type, self-ventilated, with four poles 
and of 142 Kw. capacity. The coupled wheels are 4 ft. dia. 
The weight in working order is 118 tons. A special coolin 
plant for summer time working is provided and this is carri 
оп a separate tender fitted with an auxiliary 100 B.H.P. 
Diesel engine for driving the fans. The iocomotive is 
reported to have taken 1,950 tons a grade of 1 in 200, 4-7 
miles long, at a speed of about 9% miles per hour, 


1000 B.H.P. DIESEL ELECTRIC LOCOMOTIVE, 
4 ЕТ. 8} INS. GAUGE. 

The Baldwin Locomotive Works of Philadelphia, has built 
а locomotive of the 0-6-6-0 type fitted with a twelve-cylinder 
(two cycle) Knudsen“ double crankshaft engine which drives 
a Westinghouse D.C. generator. Two axles on each truck 
are equipped with 750-volt traction motors. The mid axles 
are idle, The engines are of the inverted V type, arranged 
in two rows with the driving shaft for the generator centrally 
between them, the engine crankshafts run at 450 r.p.m, and 
are pun to the main shaft to give it 1,200 r.p.m, In each 
adjoining pair of in the rows the cylinders are cast 
in one piece and in this way one combustion space serves for 
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two cylinders. Scavenging air is furnished by a turbo- 
blower gear-driven at 3,600 r.p.m. by the engine. The 
control is by the “Ward Leonard” system. The cylinders 
аге 91 ins. dia. by 13} ins. stroke. Тһе wheels are 40 ins. dia. 
The overall dimensions of the locomotive are—Length over 
couplers, 52 ft. 1} ins.; width, 10 ft. 5 ins.; height, 14 ft. 7 ins. 
The total wheelbase is 38 ft. 4 ins. and the total weight 
122.8 tons. 


300 AND 600 Н.Р. DIESEL ELECTRIC LOCOMOTIVES, 

The “Ingersoll-Rand” Co., in combination with “Тһе 
American Locomotive Company” and “Тһе General Electric 
Co.” (U.S.A.) have built locomotives of the 0-4-4-0 type 
fitted with one or two 300 Н.Р. at 600 r.p.m. six-cylinder 
engines of the four cycle vertical type. Direct injection is 
employed, The cylinders are 10 ins. dia. and.12 ins, stroke. 
The generator is 200 Kw. 600 volt, 600 r.p.m. For the 600 
H. P. locomotive two generators are fitted, A motor is fitted 
on each axle, On the 300 Н.Р, locomotive the motors are 
95 Н.Р. 600 volts geared 14/82 and in the 600 Н.Р. loco- 
motive 200 H.P. 600 volts geared 15/70. Compressed air is 
used for starting the engine. The oil fuel consumption is 
stated to be 0-43 Ibs. per B.H.P. hour. The weight of the 
300 Н.Р. locomotive is given as 60 tons and of the 600 Н.Р. 
as 100 tons. 


ARRANGEMENT OF LOCOMOTIVE 
SHOPS. 


Аз with other manufactures, so with that of locomoti ves 
the locality chosen and the ا‎ of the different 
buildings comprised in the works will necessarily affect the 
economical production of the output, and therefore the 
value of careful consideration of the details of any scheme 
cannot be over-estimated when new shops are in contempla- 
боа or additions to existing works are about {о be under- 


en. 

With new establishments, suitable provision for develop- 
ment and extension is of more than ordinary consequence 
and although an increased outlay of capital may be called 
for, the timely thought for the future may result in very 
considerable reduction in annual ture later. 

In deciding the locality best suited for such a factory, its 
size, the олан of raw material and the labour market 
of the neighbourhood naturally hold con influences, 
Generally the site would appear to be the best in the 
vicinity of a fair-sized manufacturing town, as near to the 
coal and-iron head-quarters as possible. It should be either 
adjacent to a main line of railway or in such a position as 
to be easily connected by a short branch, the lower price 
of land probably favouring the latter. The ground should 
be level and have a subsoil of gravel and clay, whilst a good 
water supply is imperative. 
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The labour question will always be a difficult one, but 
there is no reason why, assuming the opportunity exists, 
every effort should not be made to make the shops as 
accessible as possible to that portion of the community trom 
which the workers will be drawn, and all modern conveni- 
ences installed for the comfort of the operatives will doubt- 
less be appreciated. A long weary walk to work over a 
badly kept road is not conducive to energy or discipline. 
The possibility of employment for wives and families also 
should not be lost sight of, a contented staff being one of 
the greatest influences toward success. 

After the selection of the site for the new shops comes 
the laying outof area to secure the best results. The arrange- 
ment of the shops should as far as possible provide for the 
arrival of the raw material at one end the despatch 
of the finished locomotive from the other, with a minimum 
of transport and handling; in other words, the construction 
€ - machine should be co-incident with a passage through 

е shops. 

The type of shop, whether of one or more floors with the 
means of lighting, heating and ventilating, must be decided 
upon. The class of work which is to be dealt with in the 
various shops will to a large extent dictate the number 
of floors permissible. Where large machinery is to be 
employed a ground floor alone is convenient, but a shop 
producing small articles may have a gallery or be composed 
of more than one storey. The latter arrangement saves 
ground, and may be found convenient provided a good 
System of hoists and staircases is installed. The shops 
Should be capacious and of good height, conditions which 
will facilitate good distribution of natural and artificial 
light, heating and ventilation. 

Provision should be made for the shops, both relatively 
and individually, to wae wÁ such positions and be so con- 
structed that any extensions required can be carried out 
with as little disorganisation and at as small a cost as possible. 
With this in view it is often wise to substitute corrugated 
iron for masonry for the ends of shops. 

On the type of roof employed largely di the satis- 
factory lighting of the shop. Abundant t, with the 
absence of any glare or heavy shadows, is essential. The 
Central monitor roof with side skylights is largely used, and 
besides distributing the light well allows plenty of head 
room where overhead cranes are used. The “ saw tooth” 
is another satisfactory type of roof, but in adopting it 
Care must be exercised, especially in a paint shop, that 
the light is projected in the same direction as the work 
Stands, otherwise it will be found that one side of the work 
—say a locomotive—is іп a very poor light. Whilst on the 
Subject of light the method of artificial illumination may 
be briefly considered. In the majority of modern shops 
electric arc lamps are used. These should be hung high up 
30 as to diffuse Шей light, and some convenient arrangement 
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should be fixed for lowering them when requiring attention. 
It is questionable, however, whether well-placed intensified 
incandescent gas jets are not more satisfactory, у 
when the cost per candle power is taken into consideration. 
In any case gas may be laid on to the shops and a liberal 
supply of jets be provided in those where machinery for 
small work is performed, as gas jets are preferable to incan- 
descent electric lamps for such work. Portable electric 
hand lamps prove useful in many cases, and suitable con- 
nections should be provided for them. 

The heating of shops in cold weather is important. A 
cold shop hinders more than urges men to work hard, and 
consequently to provide no heating arrangements is false 
economy. A temperature of about 55 degrees F. is desirable, 
and this can be attained either by a supply of hot air, hot 
water pipes or steam pipes. The last method is often 
the most convenient, and can be made to work satisfactorily. 
Ventilation should be carried out by a plentiful supply of 
openings in the roof and side lights, and in some cases, such 
as a brass foundry, by fans. Sanitary arrangements must 
receive attention, and be dealt with according to circum- 
stances. 

The position occupied by one shop relatively to another 
is the next and most important point. For convenience the 
shops and yards may be together. 

Group 1.—Timber yard, pattern and joiners’ shop, brass, 
iron and steel foundries exe qme 

Group 2.—Fitting and machine shop, forge, smithy, 
wheel shop. 

Group. 3— Boiler shop, erecting shops, paint shop. 

Group 4.—Electrical shop, millwrights’ shop, tinsmiths’ 
shop and other small shops. 

Taking the groups in order and in detail, there should be 
а yard set apart for the storage of timber, with sheds for 
drying purposes, close to the pattern shop, a portion of which 
may be occupied by joiners. Floor space will be required 
for some machinery, and the shop should be vided with a 
gallery for the storage of patterns. Next should come the 


ng 
hoists and a good floor run for the carri. of ladies of moiten 
metal. If cupolas are used in the manufacture of steel, they 
should be pron" off from the foundry so that the im- 
purities not required in the metal may be discharged in the 
tside a The foundry must be well provided 


gas producers in connection with the steel melting furnaces 
should be in close proximity to the point of consumption. 
on of the shop should be set apart for the cleaning | 


| 
| 
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of castings, and the ovens for dealing with cores and malle- 
able castings should be conveniently situated, preferably 
somewhere near the 8À producers. Around the foundry 
there should be a yard for the storage of pig iron, steel and 
iron scrap, coke, sand, etc., and an enclosed yard with load- 
ing facilities for the storage of castings. 

As to Group 2, the bulk of castings will be required in the 
fitting and machine орх this shop should be near to the 
casting storage yard. е size and design of the shop will 
depend on the number of machines to be installed, and this 
in turn will be governed by the quantity and type of work 
to be dealt with. It is customary now to group the machines 
together, vír, drills, lathes, milling machines, etc. The 
idea of a circular shop with all the machines around and the 
Gtting benches іп the centre is worthy of passing considera- 
tion, but in adopting this plan what are often known as 
" walking ” cranes would have to be used instead of over- 
head cranes. In the macbine shop there should be a grind 
shop, tool room, tool stores, template stores, and a smith's 
fire, partitioned off from the remainder of the shop. Work 
from the forge and smithy will be required in the fitting and 
machine shop. so these two shops should be near at hand. 
Due regard should be paid to the arrangement of steam 
hammers, hydraulic press, bending, punching, and shearing 
machines, etc., in the forge, and both in this shop and the 
smithy there should be plenty of floor space. Near these 
*h should be left a yard for storing steel and iron of 

ous sections. 

It is a good plan to deal with axles and wheels and side 
frame plates in a shop apart from the fitting and machine 
Shop, and such a shop should be near to the forge. It will 
probably be kuown аз the wheel shop, and should contain 
all nery necessary for dealing with this work. 

Group 3.—The boiler shop should be self-contained, f.e., 
having its own drills, punches, shears, bending rolls, etc., 
and every facility for quick ond convenient rivet Over- 
head cranes should be provided. The er shops should 
be in close proximity to the boiler, fitting and machine and 
wheel shops. No erecting shop can be complete without 
Overhead cranes and sufficient machinery to deal with light 
tepair jobs, and traversers by means of which locomotives 
can be expeditiously taken in and out of the shops, are 
practically a necessity. 

The nt shop, with a special room for paint mixing, 
should Pe eri and constructed with a view of securing 
the best means of lighting, heating ard maintaining in a 
State of cleanliness. 

Group 4 calls for no special mention here, but when being 
Planned should receive careful t ht iu all details. АП 


Sources of power, steam and el ty for the main drive, 
hydraulic pumps and accumulators, air compressors, etc., 


for various operations should occupy a central ition in 
а suitable power house in the works area, and isolated boilers, 
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etc., should be avoided as much possible. The general 
stores should be in a central position and easily accessible 
by road and rail. 

The necessity for a good water supply in such works may 
be mentioned, with bigh pressure mains for supplying fire 
hydrants, etc., whilst a narrow gauge railway connecting 
every shop and yard, a telephone system, and a proper 
number of entrances, are adjuncts to good turn-out which no 
engineer can afford to neglect. 


LUBRICATION. 


The lubrication of a locomotive is an important matter 
that requires careful attention from the men in charge of it. 


surfaces to prevent them coming into actual contact. If 
the lubricant is not there, friction will follow which will 

erate heat, causing the soft metal parts to melt and the 

der parts to expand, and if not attended to in time is 
liable to cause delays and damage. The large ends of the 
connecting rods in inside cylinder engines are the most 
dangerous parts to get hot. When a large end gets very hot 
and the metal there is the liahility of the front 
cylinder ‚cover ng knocked out, or the connecting rod 
breaking and knocking a hole in the firebox, needless to say 
with extremely serious results. 

The kinds and qualities of oil used by the different com- 
panies vary. For the axleboxes, motion, etc., rape oil 
alone or mixed with a little mineral oil is commonly used. 
Tallow is not used so much now as formerly ; it is a good 
lubricant for axleboxes when running warm, but if they are 
behaving satisfactorily it is best to keep it out of them, as it 
will thicken the oil, causing it to pass too slowly through the 
trimming—more so of course in cold weather. 

For use in sight-feed lubricators for the cylinders 


and slide 
valves, a thick mineral oil (sometimes nicknamed '' Black | 


аск” by enginemen) is commonly used; it will stand the 
at and is not so corrosive as tallow, which at one time 
was employed so much for these parts. 

Trimmings to fit in the hon pipes are usually made 
with wire plaited and with a loop at the end for strands of 
worsted to be held in. For the rotating parts, such as 
coupling rods, etc. short trimmings, known as “ plug” 
trimmings, arerequired, the worsted barely reaching to the 
top of the pipe, so as to leave a small space to catch the oil 
when it is thrown about by the movement of the engine. 
А piece of cane or cork should be screwed in the hole in the 
oil cup to pzevent the oil being thrown out, and, being porous, 
will admit air to replace the oil as it is used. In some cases 
a spring button fits the oil hole, then a smail hole is drilled 
through the button to admit air. 

For the axieboxes, slide-bar cups and other stationary 
oil vessels, tail“ trimmings are used; the worsted in these 
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is required m теше to tow > bottom of the oil 
recess; the work its way the trimming to the 
bearing by capillary attraction. 

The number of strands of worsted required for the trim- 
mings must be determined by the thickness of the oil used ; 
if a trimming is found to syphon too large a quantity of oil 
more strands should be added, and the number lessened if 
пос А note should be taken of the number 
of s ed, for future guidance. Some trimmings 
ready made, also some pieces of cane or cork, should always 
be kept by enginemen. 

A driver, when getting his engine ready for the day’s work, 
should see that all lubricator and oil-cup covers are not 
loose ; if they are left loose they are liable to work out when 
running-and be lost. 

If any part is found not to tuke much oil it should be 
inspected at once, the trimmings cleaned or renewed or the 
oilcup cleaned out as required. Tail trimmings should be 
adjusted and gland “swabs” or mops seen to be pro- 
perly in their places. 

Mops for the glands are made of worsted or lamp cotton, 
plaited and tied into a ring to fit on the gland nuts. The 
ends of the cotton or worsted after being tied should not be 
left veri cm онин the rods; mops with straggling “ tails ” 
conduct the oi] to the ground, consequently wasting it 
and causing the driver to wonder why the rods do not run 
a bright colour. 

The parts with plug trimmings should be oiled before 
leaving the shed, as the engine cannot always be ра їп 
the right positien when standing оп a train. е horn- 
blocks require a little oil, especially on a line with many 
curves, and the engine will ride easier with horn-blocks 
The slide and gland cups should be the last 
о be filled up, so as to save going round to them while the 

пе is moving. The pins in the link motion require a 
little rape oil in the holes made for the purpose. Neglect to 
oil these small but important parts is likely to cause them 
to get hot and seize. 

It is difficult to fix a rule as to how many drops of oil 
mile any particular part should use, owing to the fact that 
different kinds and qualities of oils are used by the different 
com} ез, also that engines work under greatly dissimilar 


engi: mak 
acquainted with the character of the material he is supplied 
with, so as to know just how to deal with it. 

When an engine is running its first trips when new or 
after coming out of the repair shops, it is the best plan to 
be rather generous with the lubrication until everything is 
in good order, for once a bearing gets hot it is often a source 
of trouble and anxiety for some time after. 

Some enginemen are in the habit of putting cylinder cil 
in the axleboxes ; this is not advisable in cold weather. In 
warm weather a little of it helps to check the rape oil 
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mineral oil is put into the axleboxesit will not syphou 
through the trimmings until the axlebox begins to run 
warm. If a driver finds that someonc else has been 
working his engine and has served the axleboxes with 
the thick oil, the best way is to clean the trimmings 
and dose the thick oil with paraffin, which will help it to get 
through the trimmings and also soften the pads, which may 
have become almost solid with the thick oil. 

When axieboxes are lubricated by the forced feed system 
—thereby dispensing with trimmings—it is desirable to use 
a heavy-bodied cylinder oil, particularly in hot climates. 
Forced feed lubrication for locomotive axleboxes is now 
making great headway in this country as well as other parts 
of the world. А 

In conclusion, it can be said that а well-lubricated engine 
should be lighter on coal than one that is marked light on 
ой consumption. 


LOCOMOTIVE INJECTOR FAULTS AND 
FAILURES. 


Of all the different designs о! injectors now in use, each 
particular type has its own peculiar characteristics, neglect 
to reckon with which may occasion serious tronble. « With 
combination face-plate injectors, for example, it is most 
important that the injector should be properly fitted to the 
face-plate and a good joint be made between the live steam 
pire from the dome and the internal delivery pipe; if there 
s leakage, trouble will ensue in getting the injector to start. 

Another source of trouble is the leaking of union nut 
joints, which allows air to be drawn into the suction-pipe. 
One of the most common faults with some injectors is due 
to the steam valves and top clacks blowing through owing 
to defective seatings; the water in the feed pipe becomes 
heated and the injector will not lift it on account of a reduced 
vacuum in the combining cone, the result being a great 
waste at the overflow. 

Over-twist of the feed-cock rods and handle is another 
reason for failure, as it prevents the feed-plug from opening 
properly, and the injector will often keep flying off on account 
of not getting sufficient water. 

Апо! cause of unsatisfactory working їз the impurity 
of the water supply, which leads to scale being deposited 
on the cones, with a consequent wastage at the overflow. 
Great care should be exercised in cleaning injector cones 
that the scale only is removed, as should they become en- 
larged in the process they will get out of proportion and cease 
to act properly. 

Serious failure can result from the top-clack refusing to 
return toits seat; this is generally due to the dirty condition 
of the water in the tanks, and care should be taken to remedy 
this, os particles of rust, pieces of wood and waste, etc, if 
allowed to collect may work through the sieve aud pass to 
the clack and jam it. 
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On those lines using the water pick-up another drawback 
is introduced by the tendency for fallen leaves ard other 
matter to lodge in the water troughs; they are picked up 
by the scoop and deposited in the tender tank with the 
water, where they gradually accumulate about the outlet 
pipe and choke up the sieve; the injector then fails owing 
to a deficient water supply. 


ERECTING A LOCOMOTIVE. 

In order to erect locomotives in an economical manner, a 
leading hand should have, whenever possible, three pits 
under his charge. By this arrangement any time of waiting 
for delivery of work belonging to one engine from the machinc- 
кш Seay etc., can be utilised by the men in forwarding 
the others. 

The details of erection naturally differ in various classes 
of locomotives. Im the present article, as a typical case, 
the erection of an ordinary inside cylinder single-framed 
0-6-0 goods engine is briefly described. 

The first step is the setting up of the frames. These are 
sent to the erecting shop in as complete a state as is practic- 
able, having been slotted rouud the edges, straightened, and 
having all holes drilled where possible and sharp corners 
taken off. They are first laid on trestles and the various 
centre lines marked out. They are then placed upright 
in forked supports, stayed together by means of standard 
temporary stays cut to dead length, set square and level 
with each other. 

In order to ascertain when they are square, centre pops 
are made at various points on the top edges of the frame 
plates, fhe pops being put on to each frame at exactly similar 
points.” The frames can then be set square by trammelling 
diagonally from eye near the front of each plate to one 
near the back of the other. They are levelled, both longi- 
tudinally and transversely, by means of a straight edge and 
ст level. A cord is also placed along each side at a given 

stance back and front, and the space between the cord 
and frame plate is then callipered at various places in order 
to make sure that the plates are straight. 

All footplate brackets, cross stays, etc., are next fixed. 
These are first bolted up with a few bolts, then set to their 
exact position and riveted up, the holes being ares out 
where necessary. The motion plate and other important 
cross stays are usually fastened with cold rivets, which are 
turned a driving fit to the holes. The horn blocks are 
secured with turned bolts. 

The cylinders are next lowered into position between the 
frames, the weight being taken on a pair of jacks placed one 
under each end of the cylinder casting. 

Strips of template iron, having a small central hole, are 
bolted across the front of each cylinder and set so that the 
small hole is exactly on the centre ine. A line is then passed 
through each hole and secured at the other end to a straight 
edge, which is laid across the driving horns with the top 
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edge оп the centre line of the driving axle according to the 
drawing. These lines are set parallel to the frames and to 
each other, and the position of the cylinders adjusted by 
means of the jacks until their centre lines exactly correspond 
with the actual lines, after which the bolt holes which In 
the cylinders are drilled in the first instance below the re- 
quired size, are rosebitted out, and the bolts, which are 
turned toa driving fit, driven in and the nuts firmly screwed ар. 

Alter securing the cylinders the slide bars are put up and 
set. The bottom bars are set to the lines used in setting 
the cylinders. A gauge is used, which is shaped to fit the 
bars on its bottom edge, and has a pointer on its top which 
is exactly central at the required distance from the bottom, 
each bar being so set that the gauge, when resting at an 

t along its length, will just touch the centre line wit! 

e pointer. When all the bottom bars are sct, a straight 
edge, thinly smeared with red paint, is rubbed over them to 
see that they are all fairly in the same plane. 

The top bars are now set from the bottom ones by means 
of a dummy slide block, which must work freely, but without 
“ slogger," between the two. 

At this stage all the measurements are usually checked 
over р the foreman, in order that he may satisfy himself 
that all the essential parts of the ne are square and true. 

The boiler may next be 1 on to the frames and 
secured. Before being received in the en; s it has 
been mounted and tested under both hydraulic steam 
pressure. The expansion brackets should have been so set 
when mounting the builer that no adjustment is necessary, 
and having been once placed in the frames it remains there. 
The front tube plate is bolted to the cylinder casting, the 
joint being usually made with red lead putty, and the expan- 
sion bracket guides attached to the frame at the firebox end. 

When in position the boiler is lagged and cleaded, and the 
smokebox, cab, splashers, etc., put up, this latter work 
being done by a gang of boiler makers usually attached to 
the erecting shop. 

In the meantime the axleboxes may he fitted up in the 
horn blocks. The boxes are left a little 1 in the planing 
machine and are scraped down to fit the „the latter 
being coated with “red marking,” so that a true po 
may be obtained. They are fitted fairly tight, but shoul 
be capable of being comfortably moved up and down by 
means of a bar three or four feet long. They are next 
bedded down to their respective journals, the surface 
cleaned out and oiled and the keeps put on. 

The engine is now ready for wheeling. To do this it is 
lifted clear by ıneans of an overhead crane, the wheels rolled 
underneath. and then the engine is lowered on to them; a 
man being stationed at each axlebox to guide it into the horn 
blocks. Small pieces of packing are placed on the tops of 
the axleboxes, on which the of the borns rest until the 
springs are put up and sccur: 
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The engine is now ready for the motion, which is put up, 
and the valves set. The setting of the valves is the most 
important piece of work in connection with the erection of 
a locomotive, and is only performed by specially skilled men. 

On completion of the motion the springy are put up and 
fastened, the buffer beam attached, and the engine lifted on 
to a “running road,” if such is available. The coupling 
rods are put on, and when all the minor details, such as brake 
gear, f pipes, кас cock gear etc., have been completed 
the engine is ready for trial. 

When the boiler has been filled with water, the fire lighted, 
and the engine coupled to the tender (which is coaled and 
watered),before starting on the trial trip the whole is weighed, 
The weighing macnine is so arranged that each wheel rests 
on a separate table and may be weighed by itself. The 
springs are adjusted until a correct proportion of the weight 
is obtained on each wheel. 

The tender is put together in a similar manner to the 
engine, the frames being set, marked off, riveted up and 
wheeled. and the tank (which is made in a separate shop) 
jowered into them and secured and the various fittings 
attached, 


A LOCOMOTIVE DEPARTMENT 
LABORATORY. 

The laboratory of a railway locomotive department is an 
interesting ріасс to most persons connected with the con- 
struction and running of locomotives, because in it are per- 
formed the manifold chemical and physical investigations 
which are necessary to enable the locomotive engineer and 
the various officers of his staff, constructional and opcrative, 
to form an opinion regarding the various materials which 

may have to use in any branch of their work, and to 
decide scientifically the varied questions which are constantly 
arising in the conduct of a great mechanical undertaking. 

The laboratory usually consists of a large room for general 
chemical work, to which are attached smaller rooms for 
8] 1 purposes, such as work which necessitates the evapora- 
tion of corrosive acids and other unpleasantly fuming sub- 
stances; a room for water — Dr Rod other work which 
should be carried out in a pure atmosphere; a dark-room 
for photometric work and the photography which is almost 
indispensable, now that microscopic methods for the ex- 
amination of steel and metallic alloys are being 
to a considerable extent; a room to contain the balances 
and other delicate physical instruments which are liable 
to damage if they be not kept as far as possible {fromthe 
fumes and steam attendant upon the actual chemical opera- 
tions; and lastly, there is usually a quiet room apart from 
ке others, in or eps Syer t pay uik out the course 

procedure to t n an investigation, or compose 
his reports in freedom from the distraction of the work 
going on in the laboratory proper. 
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The chemist is concerned with the history of the loco- 
motive from its inception, and his chief work will usually 
consist of steel analysis and metallurgical work generally ; 
where the railway company has its own steel works, the 
material and products must be caretully and constantly 
examined, and even where the stee! is bought from merchants 
and is required to comply with a specification as regards 
chemical constituents and mechanical propertics, it is usually 
thought necessary to have the constant check of chemical 
analysis in addition to stringent mechanical test, in order 
to ensure uniform and satisfactory quality. 

The pig-iron, coke, and various other materials for the 
Jron foundry are all subjected to analysis, the results of 
which permit the selection of the best material for cach 

, and enable the locomotive engineer to scientifically 
Blend two or more varieties of metal so as to obtain a good 
cast-iron, when the use of either variety alone would result 
in an unsatisfactory casting, owing to the excessive propor- 
tion of some deleterious constituent, such as sulphur, silicon 
or phosphorus. 

The analysis of copper plate for fireboxes, copper and 
bronze bars for firebox stays, and copper tubes for the loco- 
motive boiler is another important branch of the chemist’s 
work: small quantities of impurities in these materials have 
an important effect, both for good and evil, upon the life and 
efficiency of the boiler into whose construction they may 
enter; for instance, in firebox plate, a certain small quantity 
of the metal arsenic is said to be distinctly advantageous, 
while more than this prcportion is, without doubt, most 
objectionable. 

е materials for the bearing brasses and bronzes are also 
closely examined to determine their purity in order that no 
irregularity of composition may be experienced in the 
finished castings ; alloys for metallic packing and the so-called 
frictionless metals also pass through the chemist’s hands to 
prove that they sess the requisite ities for the pur- 
poses to which have to be applied, and to insure that 
their value, as judged from their chemical composition, is 
proportionate to their price, which is by no means invariably 


the case with Proprictagy 
The locomotive, having been -— passes from the erecting 
shop into the painters’ hands, the chemist maintains 
his connection with it even in the paint shop by closely 
testing the quality of the various paints and gold !eaf used 
in decorating, and the varnish used to protect its outer 
surfaces. In most railway companies the — = 
painting are supplied to stri: t specifications t 
. most important that the — төс should conform to them 
if the locomotives are to present a uniform appearance as 
— colour, and resist the ravages of weather, smoke 
and wear. 
After the locomotive has commenced running, the chemist 
will by no means have severed his connection with it. His 
business is now to closely watch the composition and quality 
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nf the various materials necessary for its maintenance and 
well-being; for instance, the water with which its boiler 
is to be fed, the coal with which that water is to be con- 
verted into steam to actuate its motion, and the oil with 
which its cylinders and motion are to be lubricated, these 
and the many other things required for the running of a 
locomotive are all subject to the chemist’s scrutiny. 

If the water contains more than a certain proportion of 
chalky matter, which would d t upon the tubes and 
firebox plates so as greatly to reduce their efficiency as con- 
ductors of heat from the furnace to the water, then the 
chemist will advise the substitution of another source of the 
boiler feed water which shall not possess this objectionable 
feature; or he may be called upon to suggest a method of 
chemical treatment to remove the cause of trouble from 
the water before entry into the boiler. Again, if he finds 
the water to contain суеп small quantities of an apparently 
harmless substance—nitrate of soda—it will be his duty 
to advise that the use of the water be discontinued for Inco- 
motive purposes, because its presence in conjunction with the 
small quantity of common salt which exists in almost every 
natural water, is likely to cause serious corrosion in a double 
metal boiler at the points of contact between copper and 
steel when the water becomes concentrated after continued 
steaming. 

The coal will be examined by combustion in a suitable 
calorimeter to estimate its comparative heat-giving qualities, 
and the composition and quality of its ash will be deter- 
mined. If the coal contains much ash which is fusible or 
liable to decompose into fusible substances {for instance, 
iron pyrites) it is likely to give rise to the troublesome forma- 
tion so well known to locomotive and naval engineers under 
the name of “ swallow’s-nest,” on the tube-ends in the 
firebox; this formation may choke the tubes—particularly 
if the coal be friable or dusty—and prevent the boiler from 
steaming satisfactorily and responding to the heavy demands 
which long distance runs with heavy loads make upon the 
modern locomotive. 

The examination of the oil for the lubrication of the 
locomotive is a most important branch of the chemist’s 
oe } the кезіне of 8 oils ut to the loco- 

е engineer for each ра ar rpose very great ; 
the chemist enables him to choose between them when it 
would be impossible to carry out satisfactory practical 
trials on the locomotive, and by acquainting him with the 
nature and proportions of their constituents, places himina 
position to judge whether he gets value for money. In 
many instances the locomotive engineer prefers to make 
his own mixturcs of oil for each purpose, so as to get a satis- 
factory and uniform article at the lowest price, and in this 
Case the chemist will check the purity of deliveries and the 
Standardizing of the mixtures. 

The chemist has many other duties, the recital of which 
would require more space than is available for this article, 
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but it will suffice to say that in these days of reform in 
expenditure, it is to the locomotive departments, the great 
y e arms of the railway organizations, that the 

rectors chiefly look for prospective savings, and at such 
a time when no item of expenditure is too insignificant 
for rigorous inspection, it is from the chemist, if he be the 
right sort of man, that the scientific locomotive engineer will 
get most useful assistance in his efforts to effect economies. 


VACUUM BRAKE HINTS. 


The simplicity of the apparatus employed in the auto- 
matic vacuum brake tends to make those to whom the repair 
and maintenance is entrusted, somewhat careless in the 
8 of many of the details when overhauling or гс- 
newing. 

Generally, faults in the mechanism are to be looked for 
in those parts made of elastic material. A frequent cause 
of leaky couplings is due to the carelessness of the traffic 
staff in disconnecting перка ot adjacent vehicles. The 
couplings are forcibly pulled asunder whilst a good vacuum 
is being maintained by the locomotive in the train pipe, 
with the consequence that the india-rubber joint rings are 
torn from the grooved recesses made to contain their inner 
edges and the next time a connection is required there is 
considerable difficulty. The continuous vacuum in the 
train pipe should be destroyed pricr to uncoupling, and when 
a joint ring gets pulled out of place the examiner should 
teinstate it at once before it has time to become set and 
hardened in a wrong shape. 

In replacing coupling bose the connections at the ends 
should be left in correct alignment so that they will readily 
couple with adjacent hose without requiring to be twisted 
to allow the horns of the ends to engage. Frequent twisting 
destroys the hose at the ends where attached to the necks 
of the train pipe. A strip is provided down the hose pipe 
on many railways as a guide to ensure straight connection. 

The renewal of the rolling rings in the cylinders requires 
attention, as when carelessly done there is liability to replace 
them with an initial twist which naturally prevents the free 
rolling action necessary when the piston moves up and 
down in the cylinder and which causes a “ jamb” sooner 
or later. After putting a new rolling ring into position on 
the drura of the piston it should be pulled away from the 
metal in two or three places and allowed to naturally reseat 
itself on the periphery of the piston; this ure will 
ensure a smooth bearing of the ring, free from twist or 
distortion. 

The accurate rolling of the is better ensured on pistons 
left with pronounced tool marks than with those finished 
smooth, and for the same reason lubricants such as graphite, 
etc., should not be used in the brake cylinders, as the rough 
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Surfaces will then have the effect of causing the ring to roll 
or revolve uniformly all round. 

With piston rod neck rings, too, some care should be 
exercised in adjusting them ; they should be moved up and 
down the piston rod by hand, to ascertain if the rod will 
pass fairly through with a minimum of friction. In this 
case а little “ black lead” painted on will be of service, as 
the resistance to motion is rubbing friction. 

When the rubber diaphragms of ball valves require re- 
newal, the valves should be worked to and fro before securing 
the flanges to ascertain if the diaphragm properly occupics 
its appointed seating. 

Care in fixing diaphragms, rolling rings, etc., will materially 
lengthen their period of service as well as ensure smooth 
working and freedom from failures. 


PAINTING AND FINISHING 
LOCOMOTIVES. 


All metal work not intended to be left bright should be 
painted as soon as possible after it is put into place on the 
engine or before if convenient, for if the surfaces become 
rusted over first the paint will 1 off or be destroyed from 
its action underneath; if deeply rusted the stopping up of 
the “ pitting ” will be more difficult if a flat face is required. 
A coat of lead colour is therefore applied whilst the engine 
is in the final stages of construction in the erecting shop, 
and it usually runs its trial trip in this colour before goin 
into the paint shop for finishing. All dirt and grease shoul: 
be wiped or scoured off with turpentine and giass paper, 
before the colour is applied to the metal. 

On arrival in the paint shop this coat of priming is left on 
if the metal holds it firmly, which can be tested by scraping 
it away in places with a flat scraper to ascertain how the 
plate is underneath. If clean and metallic, with no rust, 
the coat may safely be left; if, however, the surfaces have 
not been properly cleaned preparatory to the colour being 
laid on, the latter must all come off, otherwise the rust will 
act below the paint, allow it to рес! off, or kill the colour. 

The lead colour paint first laid on is a mixture of white 
lead and common varnish thinned with boiled linseed oil, 
turpentine and terebene driers. These ingredients give a 
good covering and adhesive colour, which will form a sub- 
stantial foundation and protect the metal. The whole 
surface will be coated with stopping or filling spread on as 
evenly as possible with flat ма Д This filling is com- 
Posed of dry white lead and dry ochre, in the proportion 
of four of the lead to one of ochre, mixed with gold size toa 
consistency of thin putty. 

When the coating of filling is laid on it is allowed to dry 
until quite hard; it is then ready for the next operation— 
tubbing down. This latter is done with pieces of pumice 
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stone or other similar preparation made fiat оп the sides апа 
worked with water. Several pieces of the stone, a large 
sponge and a bucket of water are required, as well as trestles 
upon which the operator stands to work. 

Assuming that a large flat surface is to be worked upon 
—say the side of a tender or tank—the painter places his 
support so that he can start at one cnd with the spon 
soaked with water. The plate is wiped over, then the 
pumice stone rubbed on with a circular motion over the 
plate, not pressing it hard on the stone, as it will tend 
to follow the inequalities of the st If rubbed 
with gentle pressure until the lumps are off more pressure 
may then be applied. After rubbing a few minutes it will 
be found that the stone will get dull, as the pores in it get 
filled with the stopping it takes off; it is then placed in the 
water to wash this off and restore the cut. The surface 
is frequently washed with the sponge and water during the 
operation. When the stopping is removed level and the 
surface is flat, with the hollows filled up, another part is 
worked upon until all is finished. 


The first coat of lead colour is next applied, and when dry 
sometimes a second one, but often the second coat is of the 
intended colour, not necessarily of as good a quality as the 
final coat, which is laid on after the others have thoroughly 
dried. At this stage the lettering is put on, figures painted 
and the lines and stripes applied. е latter are run with 
fine long-hair pencils and suitably mixed colour, along lines 
carefully set out with chalk. 

The cost of painting a locomotive and tender is very 
much increased by the elaborate lining of some railways 
and a new and cheaper method of doing this is now bein 
introduced. Ribbons of prepared “ transfer ” of the desir 
colour and width are applied on the painted surfaces, 
preferably in straight lines or stripes. 

When all hes well dried the engine receives a first coat ol 
varnish, which, when hard, is “ flattened ” down by rubbing 
with very finely powdered pumice stone and water, on a 
piece of horschair, this removing all the ridges left by the 
tools“ in varnishing. A second coat is next applied and 
in some cases, after being flattened down, a third finishes 
the varnishing. Best engine copal varnish is used in all 
cases, as it sets hard and is very durable. 

The amount of time and material used in finishing an 
engine will vary very much, as a great deal depends upon 
the time the engine can be spared from the work, as well as 
the amount of money that is to be spent on the finish. The 
time is usually reduced by letting the engine dry and harden 
for a short time, say one day instead of one week or longer. 
The materials will also vary, depending upon the colour of 
the finishing coats, etc. 

The smokebox is coloured with “ Eboline” or a Japan 
black, as ordinary colour would not stand the heat at all. 
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The brakework below, springs, etc., will also receive two 
coats of the same material for a finish. The inside of the 
cab is painted some light tint as being more satisfactory 
in а . The motion and inside of the frames аге 
also finished a light colour, so that the light from a hand 
lamp is better reflected when the driver is oiling up at night. 


The wheels are often painted and lined before being pet 
under the engine, as they are then more accessible; if t еу 
are done under the ine the latter has to be “ pinched 


nlon, ne rails to enable all portions of the wheels to be 
г 


The tugine or engine and tender should now stand tor a 
week in the paint shop, which is kept at a uniform heat to 
allow the varnish to {һого! ly dry and harden; if good 
materials have been used and care bestowed on their appli- 
cation, the engine will keep its fresh appearance for some 
considerable time, especially where the cleaning in the shed 
fa carefully done. ы дел however, the drying has been 
"rushed" and the cleaning afterwards scamped, engines 
soon lose their smart appearance; grease and dirt accumu- 
late on the varnished surfaces, and the whole machine 
assumes a melancholy look: 


The foregoing remarks on painting, etc., apply generally 
to our railways, but on the occasion of the preparation of 
an engine for exhibition the various processes are 

attention in this 


more thoroughly gone through. Special 

case is paid to stopping and also the time allowed for drying, 
which is increased to at least three weeks. It is these latter 
features that make the flat surfaces appear like a mirror. 
In usual practice several details are painted black; but for 
attractive work, springs, tyres, buffers, brake pipes, screw 
couplings, etc., are left polished. 


It is essential that numbers (where painted on) and also 
the initial letters of the company should be very prominent 
on the tender or tank sides, so as to be readily seen by night, 
the practice of the Great Northern. Furness and North 
British lines being especially good in this direction. 


ELECTRIC WELDING WITH “QUASI-ARC” PLANTS 
AND ELECTRODES. 


Electric welding, both for constructional and repair work, 
possesses many advantages, though it is perhaps in the latter 
connection that its chief interest lies for locomotive engineers. 
In its earlier stages electric welding was sometimes deemed 
unreliable, but to-day, provided that discretion be exercised 
in the selection of the process, and due care taken to work 
upon correct principles, much time may be saved by it and 
costly ** scrapping " frequently avoided. 
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The drawing herewith reproduced shows a repair actually 
effected upon a badly broken locomotive driving w! 


method and apparatus used being that invented and patented 
by the Quasi-Arc Company, Ltd. “* Опазї-Агс” Electrodes 
have been very widely adopted by locomotive builders and in 
railway repair shops, etc., so that some notes upon it may be 
of value. 

Essentially, the “ Опаві-Агс” Electrode consists of asteel 
wire covered by a robust mineral flux, through which runs a 
length of fine aluminium wire. These electrodes are sup- 
plied in standard lengths of 18in., and in about half a dozen 
gauges. Various electrodes are supplied for welding mild, 
carbon, vanadium, chromium and manganese steels and a 
special type for boiler repairs or overhead work. An elec- 
trode for cast iron has been developed to give a diffused weld 
junction free from the layer of hard white iron sometimes 
found in cast-iron welds, and which, when present, is apt to 
make machining troublesome. 

The electrical energy can be supplied in continuous or single 
phase alternating current, at potentials not greater than 110 
volts; by using special regulators in the welding circuit, a 
potential as low as 45 volts D.C. or 70 volts А.С. may be 
employed, In each case the regulator should give a current 
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range of from 25 to 200 amps. with adequate intermediate 
Stops. The current consumption will, of course, vary with 
the nature of the work, but when using a reactance coil and 
current regulator, it may be taken as about 8, 12 and 15 kw. 
for one, two or three welders respectively. The most econo- 
mical method, however, if a single welder D.C. plant only 
is required, is to use the special “ Quasi-Arc " drooping 
Characteristic dynamo which gives 60 volts on open circuit 
and 30 volts at 200 amps. maximum current. This machine 
must always be used in conjunction with the Company's 
reactance, and also their portable current regulator. In 
Reneral, continuous current is to be preferred, the con- 
nection to the work being made through the ncgative ter- 
minal, while the electrode forms the positive pole. 

Welding is commenced by momentarily touching the work 
with the electrode, thus striking an arc, and then withdrawin; 
slowly in the direction of the weld, keeping it at an angle о 
about 45° to maintain a uniform flow of metal into the work. 
The flux covering, which melts at a lower temperature than 
the steel, becomes a secondary conductor, and also forms a 
screen which prevents access of atmospheric oxygen to the 
molten metal. The aluminium wire, owing to its strong 
affinity for oxygen, further prevents oxidation; as the 
molten slag flows over the molten metal, it picks up any 
foreign matter and oxide that may be present. The com- 
bination of qualities above indicated ensure the presence of 
clean pure metal in the weld, an absolutely essential point 
if reliable results are to be achieved. 

The preparation of the work will, of course, vary according 
to the size, position, material, etc., but it may be said in 
general that no special operations are necessary (preliminary 
heating, for example, as demanded by some autogenous 


Жері processes, is entirely avoided when using i- 
Arc” Electrodes) ; nor is highly skilled labour called for. 
With the help of electric ng it is possible to effect 


repairs to details of locomotives which previously had to be 
entirely replaced with new parts. In case of cylinders 
which have suffered damage in service, portions of worn or 
condemned castings can be utilised to “ re-make ” a defective 
part or cylinder barrel, thereby saving considerable expendi- 
ture, Cases wherein a cylinder eee ат developed defects 
have been treated by cutting out faulty section and 
welding in a new portion which had been cast from a templet 
and carefully prepared to fill the space, the welding being 
carried out with Quasi-Arc” Electrodes. 

In boiler work, most useful and effective repairs have been 
made; new half-sides are being welded to fire-boxes whilst 
Stays are welded to the side sheets. In an interesting ex- 
ample a complete back-plate was welded in, no rivets being 
used, Crown stays are also being screwed into the sling 
Stays. Asimple and ready means of securing to the firebox, 
the studs which are required to support the brick arch, is to 
weld them to the plate. 

Another detail in boiler construction is the welding to the 
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voiler shell of the steel cups used for receiving the heads of 
dexible stays used for supporting the crown of the inner 
firebox. A considerable number of boilers have had their 
flexible stay cups welded in this manner. 

Full information as to methods, operation, sizes and com- 
position of electrodes, etc., will be furnished by The Quasi- 
Arc Company, Limited, whose engineers have made a special 
study of the requirements for locomotive work. 


SHED NOTES. 


WASHING OUT OF LOCO BOILERS, 


This operation should be carried out at stated intervals, 
its frequency being determined by the quality of water used. 
With water of average scale or sludge-forming tendency, 
the following periods may be taken as representative eae 

The most important expresses, 600 miles—800 miles. 

Other expresses, 800—1,000 miles. With superior water, 

1,200 miles. 

Suburban tanks, goods and shunting engines, after 6 days" 

running. 

Where water of excellent quality is available, e.g., in some 

arts of Scotland, washing out only becomes necessary at 
lateccals of 2-4 weeks. + 

In a working day of 8 hours a boiler washer and mate сап 
properly wash out the average number of 3 engines, assuming 
m. their work is divi between passenger and goods 
engines. 

In sheds where engines are washed out cold, the wash-out 
water should be delivered at a pressure of at least 50 Ib, 
per sq. in (maximum should not exceed 60 Ib. per sq: in.), 
otherwise the water has not sufficient force to help the 
rods effectively to remove the scale lodging between the tubes, 
stays, etc. Definite time allowances, ranging from 3 hours 
for small tank engines to 5 hours for a 4-6-0 or 4-4-2 express, 
should be laid down for cooling, after the steam has been 
blown off and water let out. This will t leakage 
troubles which would occur from a too rapid rate of cooling. 
Mud plugs should not be withdrawn until the pressure 
gauge registers zero. М Р 

Excessive contraction is prevented by washing out with 
hot water. Further, by this method, engine availability 
is increased. A modern 4-4-0 engine will be out of traffic 
approximately 10 hours for a cold wash-out, whereas 4 hours 
at most will suffice with the hot water apparatus. The dis- 
parity increases with the dimensions of the ine concerned; 
a ten or twelve-wheeled engine will lose about 13 hours 
from traffic for cold wash-out but only 5 for hot. On the 
other hand, the washer is not able to manipulate his rods 
effectively when large qutm of steam are rising, and 
further, certain forms of scale are more effectively removed 
cold than hot;sor these reasons, in sheds where hot washing 
out is customary, a monthly cold wash-out should be insisted 
upon for each engine, 
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Mud plugs should always be carefully cleaned and greased 
before replacement, care also being taken to ensure their 
entry without crops- readin All mud-hole door joints 
should be carefully examined before being passed for further 
use, 

The water used in washing out a boileris in part determined 
by the delivery pressure, and may in extreme cases amount 
to twice the quantity of water normally contained in the 
boiler at half-glass. The average amount used is from 
1-50 times the latter quantity. 


TUBE SWEEPING AND ARCH CLEANING. 

ese operations should always be carried out whenever 
the engine is stopped for washing out. In addition, engines 
on the principal expresses duties, and all those burning soft, 
friable coal should have the tubes swept and arches Aad 
down daily. Engines fitted with self-cleaners, which should 
always be operated in a thorough manner at least once per 
trip, should need little, if any attention in the shed as regards 
tube cleaning, unless individual tubes become completely 
made up, in which case boring out is essential, 

Time allowances for tube cleaning: 
By compressed air, 1 hour per set. 
By hand, 3 hours per set. 


COAL REQUIRED AND TIME TAKEN TO RAISE 
STEAM. 


These quantities depend on various factors, such as grate 
area, water content of boiler, material of firebox, quality 
of fuel, etc. Representative figures, assuming the water 
to be cold in the first instance, are: 


Water capacity | Grate Quantity of | Time taken 
of boiler, area. coal used. (hours) to raise 
(gallons) (sq. ft.) | (cwt.) steam to 50 Ib. 
sq. in. 
8 ga eT 
1200-1400 26-30 | 10 41-5 
800-1000 20-26 | 6 En 
600- 800 15-20 4 3 
500- 600 12-15 3 2% 


SPONGE CLOTHS. 
Where sponge cloths are used for engine cleaning, the 
Supplies issued are approximately as follows:— 

per engine 
Large Passenger Engines 36 cloths 
Small Passenger Engines.... 94% 4i 
Passenger Tank Engines .... 16-24  ,, accordingtosize 
Goods Engines ........ $9. 4830 „ — s; 
Shunting Engines........ n Š 


The above allowances are for washed cloths;it is not now 
customary to issue new cloths for this purpose on the home 
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railways. Large ger engines are usually allowed 
about 5 pints of ой and $ Ib. of tallow per clean. 


ENGINE OIL ALLOWANCES. 
Typical oil issues, in pints per 100 miles, are given below:— 


Type of Engine Engine Oil | Cylinder Oil 


3 Passenger Engine S 
” ” ” 
66 ,,goods ” 4 
10 „ Passenger Tank,, + 
8 , " " 
6 1 Shunting, — . 3 


These quantities may be taken as maximum, i.c., for 
hauling full loads on an arduous road. 


PERIODIC EXAMINATIONS, 

A certain amount of latitude must be allowed in fixing 
periods between examinations to enable the latter to be 
carried out on shed days and so prevent unnecessary additional 
withdrawal of the engine from traffic, Suitable periods 
are as follows:— 


cert i ua stays, firebars and arches. 

Mon .— Injectors, water gauges, main steam pipes, 

wheels and tyres, mechanical lubricators, tender tanks, 
drip valves, fusible plugs, water pick-up apparatus, 
br: , sanding gear, safety valves. 

Two Months.— Piston valves. 

Three Months.—Pistons, drawbars, big ends, axlebox pads. 

Six months.—Crank pins and axles, small ends. 


SHED STAFF. 

One fitter and mate will maintain 6-8 engines in running 
order. The number of boiler makers required will of course 
кере оп the quality of water used; on ап average, опе 
boiler maker can maintain 20-30 boilers, whilst one tuber 
and assistant will be required per 15-20 boilers, 


TYPICAL BREAKDOWN GANG, 
1 fitter, 1 tool attendant, 2 men for jacks, 2 men for 
packing, 1 steam crane driver and 1 guard. Total, 8 men. 


ENGINE AVAILABILITY. 
In normal British working 18-23 per cent. of the total 


engine stock is under repair at one time, and therefore not 
available for traffic. 


COAL STACKING. 
One man will stack 20 tons per day, inclusive of walling. 
Piecework prices range from 7d. to 94. per ton, according to 
the locality. Bituminous coal used forstacking may usually, 
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be taken to run out at 45 Ib. per cu. ft. of stack, and Welsh 

coal at 55 Ib. per cu. ft. А section of an average coal-stack 

1 ft. square at the base and 9 ít. high will equal approximately 
ton. 


FEED WATER AND PRIMING, 


An average locomotive boiler contains about 1,250 gallons 
of water and evaporates about 7,500 gallons per day, The 
average impurities found in locomotive feed water in 
дез peat are about 21b. per 1,000 gallons, Of these, chlorine 
and sulphates remain in suspension in the water, and do not 
deposit on the tubes, barrel and firebox plates in the form of 
Scale. As the qe of water evaporated increases, the 
concentration of these two impurities becomes greater and 
greater until finally that point of concentration is reached | 
when foaming or priming commences. š 

When chemical analysis reveals the presence of chlorine 
and nitrates together in large quantities, the water will be 
of a corrosive nature and should, if possible, be avoided, 


LUBRICATING OIL. 
A cask (wooden) of lubricating oil usually contains about 
42 gallons or 380 Ib. of oil. 
One gallon of Josa cylinderor burningoil, S approx. 


” „ „ Cleaning oil 81. ,, 
" » » Water 10 Ib. 


BRICK ARCHES, 
The average life of a brick arch is;— 
Shunting engines, 12 weeks, 
Average passenger and goods engines, 10 weeks. 
Express engines, 6 weeks, 


MANUAL COALING. 
In a working day of 8 hours, one man will unload 20 tons 
of Эса truck to stage and load it thence to tenders as 
required, 


BLAST PIPE ORIFICES. 


The actual diameter of a blast pipe orifice is determined 
by several factors, ¢.g., ratio of tube length to diameter, 
nature of fuel burnt, normal running cut-off, smokebox 
volume, etc., and is also closely related to chimney and 
petticoat pipe dimensions, diameter.of and distance from 
tubeplate, and position relative to the boiler centre line. 

For these reasons, the following figures, whilst representa- 
tive of average practice as regards two-cylinder simplet 
тше in this country, must only be regarded as approxi- 
mate, 
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Diameter of cylinders, Diameter of blast 
inches pipe orifice, inches 
21 5i 
20 5-51 
19 2 4i 
18 41-4i 
17 44* 
16 41% 


* In the case of tank engines working Бокуу, suburban 
services at late cut-offs, the orifices will probably require 
opening to about 5 in. diameter. 


VACUUM AUTOMATIC BRAKE, 

British railways using this brake generally work at a pres- 
sure of zoin. or rolbs. The Great Western Railway, and more 
recently the L.N.E.R. (G.C.) are exceptions to this rule, 
and these two railways now work at 25 in. or 121 Ibs. 


TABLE OF COAL AND WATER CONSUMPTIONS OF 
LOCOMOTIVES PER 100 MILES. 


1 Engines, 35 cwt. of coal and 3,500 gallons 
of water. 
паар Passenger Engines, 25 cwt. of coal and 3,000 gallons 
of water, 
Small Passenger Tank Engines, 37 cwt. of coal and 4,000 
gallons of water. 
ү саре Goods Engines, 55 cwt. of coal and 3,700 gallons 
- of water. 
a Goods Engines, 60 cwt. of coal and 3,700 gallons 
of water. 
Colliery Collecting Engines, 80 cwt. of coal and 7,000 
gallons of water. 
The above figures will be found to be fair averages of British 
ie vae with engines of approved design and using suitable 
coal. 


COAL. 

AVERAGE COMPOSITION OF STEAM COAL. 
SEMI-ANTHRACITE CLASS. 
7 و‎ А = 80% 
Hydrogen .. = 5% 

Oxygen .. = 8 
Ash — = 45% 
Nitrogen = 15 
( SA = т 


To completely burn 1 Ib. of coal їп a locomotive firebox 
12 Ibs, of air, or about 156 cubic ft., are de pue е 
Air contains 77% of nitrogen and 23% of oxygen. 


ANTHRACITE COAL. 


Hard, high percentage of carbon, burns with very little 
tlame, docs not swell or soften in burning. 
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BITUMINOUS COAL. 


Soft, lower in percentage of carbon than anthracite coal, 
burns with a long yellow flame, swells in burning, is liable 
to cause a dense yellowish smoke unless skilfully handled. 


RUNNING ADHESION, 


The running adhesion for a locomotive in fine weather is 
usually taken as being 450 lbs. per ton of load carried on the 
coupled wheels for large driving wheels, and as 360 Ibs. for 
small driving wheels. 

Add 50% to the above for well-sanded rails and deduct 
50% for wet and greasy rails. : 


LOCOMOTIVE BOILER PERFORMANCE, 


An express locomotive with a boiler having a grate area 
of 25 square ft. will, when the engine is running at 50 to 60 
M. P. H., consume about :— 

35 lbs. of coal per minute. 
5,500 cubic ft. of air per minute. 
and 38 gallons of water per minute. 

The firebox temperature will be about 1,800°F. 


45 „ vacuum ка А 2 in. (water). 
The smoke box temperature a 550*F. 

” » vacuum 2. = 5 in. (water). 
The chimney vacuum A ” 13 in. (water). 


SAND USED BY LOCOMOTIVES. 

The approximate quantity of sind used by a locomotive 
is five tons per annum. Locomotive sand should be as 
= er ” as possible and should be carefully dried and well 
before use. 


DELIVERY OF INJECTORS. 


The oe shows the maximum quantity of water 
h an ordinary locomotive injector should 


in W. 
deliver per out. 


oiler Press. Size of Injector. 
in Ibs. ағ ор а EA OEE 5 
per sq. in. No.7. | ` No.8. No. 9. | No. 10. 
I! 1 1 c 
| | | 
140 | 1080 1450 1800 | 2100 
1бо | 1120 | 1500 1850 2155 
180 | 1179 | 356 1900 | 2210 
200 | 1220 1600 1950 2270 
220 | 1270 | 1650 2000 2330 
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A No. 8 Gresham & Craven injector of the cc mb nation 
type and situated on the firebox front will deliver a maximum 
of 1,500 gallons and a minimum of 975 gallons per hour, 
working with a boiler pressure of 160 lbs. per square inch 
and unheated feed water. 


LIFE OF BRASS SLIDE VALVES. 


The life of locomotive slide valves per 10,000 miles may be 
taken as approximately as under, though, of course, the 
quality and nature of the metal used in the valves and steam 
«nests, along with the nature of the road run over and the 
work performed by the engine, will naturally cause very 
considerable variations in the life of the valves. New 
valves are usually at least т in. thick on the flanges. 


Passenger engines, д, іп. 

Passenger tank engines, 44 іп. (on easy road). 
Passenger tank engines, š in. (on heavy road). 
Goods engines, ф, in. 

Shunting engines, } in. 


SECURING LOCOMOTIVE TYRES TO WHEEL 
CENTRES. 


The usual ice in Great Britain is as follows :—The 
wheel centre is turned to a given diameter and the tyre for 
it is bored out a fraction of an inch smaller on its inside dia- 
meter than the outside diameter of the wheel centre. The tyre 
is next heated in a suitable furnace or by means of a of 
gas jets until it obtains a temperature of about 550°F. The 
tyre is now placed flange upwards in a shallow rimmed dish, 
usually made of cast-iron. The heating of the tyre having 
тне it to expand the wheel centre is lowered into it by 
suitably arranged purchase tackle, care being taken that the 
wheel centre goes down quite evenly. The tyre is now 
contracted on to the centre ЕА means of а fine jet of water 
played evenly round it. It is usual to further secure the 
tyre by means of $ in. studs spaced between each puir of 
spokes, these studs being screwed through the edge of the 
wheel centre and entering the tyre for a depth of from 1} in. 
to rk in. Some companies, instead of finally securing with 
studs, use a thin stcel ring on the inside of the tyre, this 
ting being recessed into both the wheel centre and flange and 
tiveted through from the lip of the tyre with § in. rivets 
Practically all railway companies have a tyre shrinkage table 
of their own, but the appended table may be taken as a fair 
average allowance, the fractions of an inch being the 
amount less than the diameter of the wheel centre to which 
the tyre is bored out. 


For 3-0 wheel centre . = 7035 
„ 40 », ” = 7045 
„ 59 ” ” = 7055 
„ бо „ = “065 
„ 79 » ” = 075 
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New tyres are usually about 3 in. thick on the tread and are 
scrapped when they are a little more than balf this thickness. 


The standard allowances for shrinkage, by the American 
Master Mechanics’ Association аге as under, vis :— 


38-in. Centre = "0597 72-іп. Cenıre = ‘0955 
44-in. „ = 70495 74-іп. „ = 70988 
зо-їп. „ 70594 78-in. .. “з= 71053 
56-in. ‚„ = “6692 82-in. „ A 21519 
62-in. „ = "0791 | 86-in. ғ 2 "1184 
66-іп. „ шш 70856 go-in. „ 2 1230 
7o in. „ = "0922 | 


PATENT OFFICE FEES. 


The Patent Office fees for a person taking out his own 
patent are as follows :— 


ет 1. Application for patent or ргоу юпа! specifica- 
tion, £t. 


Form 3. Complete specification, £3. 


Form 10. Sealing fee, £r. Payable within 15 months of 
the official date of application for Patent or Provisional 
Specification. 


Form 13. No further payments are required until four 
years from the date of application, when a payment of £5 
must be made, followed by subsequent annual payments rising 
by £1 year up to {14 at the са of the 13th year, 
The total minimum fees are, therefore, £100 for each patent. 


The registered stamped forms and unstamped duplicate 
copies, etc., may be obtained from the Patent Office direct, or 
at a few days’ notice from any Money Order Office in the 
United Kingdom. Drawings must be made on sheets 13 in. 
long and 8 in. or 16 in. wide. 


ELECTRIC BATTERY LOCOMOTIVES. 


For shunting and sorting wagons in a goods yard, especially 
where the duties are carried out at irregular intervals, it is 
found economical to use electric battery locomotives. Fre- 
quently too it happens that to use steam locomotives would 
be dangerous on account of fire risks. 


An example which may be referred to is a locomotive 
belonging to the L.M.S.R. at work in the West India Dock 
Coal Depot, London. 
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High speeds are, of course, unnecessary in working a yard 
of the type in question, and tife maximum speed attained 
with full load is only about seven miles per hour, speeds up 
to twelve miles per hour being attained with light loads. 
Ihe rated capacity of the locomotive is six loaded wagons 
weighing 15 tons each, and twelve light wagons of approxi- 
ауз tons each. The weight of the locomotive complete 
with battery is 17% tons, and the wheel base, which is, of 
course, rigid, is 8-ft. 6-in. There are two motors—one per 
axle—of 22 h.p. each. The battery consisting of 108 cells, 
situated in the two end compartments, was provided by 
D. P.“ Battery Company. Control is by the ordinary 
series-parallel method, providing two economical running 
speeds, but no restrictions are put on the drivers with regard 
to the use of the other notches. Braking is of the rheostatic 
type operated by the main controller, this method being very 
useful for shunting operations. A hand brake with hand 
operation is also fitted to each axle. 


The mechanical portions of the locomotive are largely 
constructed of standard wagon ts, c. g., the wheels, axles, 
gu etc. The body and cab are of wood, suitably 
braced with ironwork. The covers over the battery compart- 
ments are arranged to drain off all rain water, while both 
sections are so ventilated that gases given off during charging, 
or working the battery, are carried off. 


Charging is performed by a motor generator, the voltage 
of supply from the Poplar Borough Council of 460 volt« 
being too high to offer any advantages for the use of a rever- 
sible booster. The generator is differentially compounded, 
so that after current is switched on, further attention is 
unnecessary except in the case of a “ gassing " charge. 

The results, after fifteen years’ working, have been most 
satisfactory. The same battery is still in use. and of which 
only the positive plates have n renewed. 

Similar locomotives and others of larger haulage capacity 
are now in use in Depöts where danger from fire, is to be 
avoided, The haulage capacity varies from 100 to 300 tons, 
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Lux Batteries are in use for Train Lighting 
on the world's greatest railways. 
Their outstanding efficiency is the result of 
35 years’ experience in the manufacture of 
accumulators for all purposes. 

We supply plates, sections. 

or complete cells to replace 

those of any other make. 


Write for Publication No. 74. 


E t ELECTRICAL STORAGE 
COMPANY LIMITED. 


CLIFTON JUNCTION near MANCHESTER 
Export Sales Office: 
137 VICTORIA STREET, LONDON, S.W.1 


Amarchand Buildings, Ballard Road, BOMBAY. 
Clive Buildings. Clive Street, CALCUTTA. 
Cathcart House, 11 Castlereagh Street, SYDNEY. 
Р.О. Box No 1094, CHRISTCHURCH. N.Z. 
P.O. Box No. 2831, CAPETOWN, S.A. 
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SHEFFIELD, PENISTONE 
AND NOTTINGHAM. 


STEEL CASTINGS AND 
FORGINGS 


FOR ALL PURPOSES. 
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HIGH SPEED STEEL. 
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LONDON OFFICE: 
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JOHN RUSSELL & CO. LT». 
ALMA TUBE WORKS, 


WALSALL. 


Established 1811. 
Manufacturers of 


SOLID DRAWN STEEL 


SUPERHEATER TUBES 


BOILER TUBES WITH 
COPPER & STAVED 
TRADE MARK ENDS, ETC. TRADE MARK 


T FLUE TUBES. 


2 


| ,SUPERHEATER, | 
АР, COILS. NP 
RAILWAY POINT RODS. 
BRAKE PIPES. 


VACUUM CHAMBERS. 
CARRIAGE WARMING PIPES. 


TUBULAR STANDARDS 
FOR LIGHTING, ETC. 
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FIREBOX 
PLATES 


Copper is still pre-eminently the 
best material for locomotive firebox 
plates, stay bolt rods and boiler 
tubes. British Copper Manufac- 
turers Ltd., by virtue of their long 
experience in copper manufacture, 
are technically equipped to produce 
the very finest quality of locomo- 
tive copper work. 
The modern design of very deep 
throat plates presents no difficulty 
to us; indeed, however exacting a 
specification may be, our works and 
technical organisation are fully 
competent to meet it in every 
respect. 
Locomotive engineers are cordially 
invited to avail themselves of the 
services of the company. 
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BRITISH 
COPPER 


| MANUFACTURERSsLTD 


carrying on the businesses of 
Vivian & Sons Ltd., and Williams, Foster & Co. 
and Pascoe Grenfell & Sons Ltd. 
Associated with Grice, Grice & Son Ltd. 
Head Office: SWANSEA. 
Telephone: Telegrams: 
4921. “Briticop, Phone, Swansea.” 
London Office: 4 LONDON WALL BUILDINGS. 
Telephone: London Wall 9851 
Telegrams: “Briticop, Ave., London” 


Works: SWANSEA AND BIRMINGHAM. 


“OWEN’S Patent Balanced Double 
Beat Regulator Valve 
Has overcome all the known faults of double beat 


designs, and is fitted on locomotives all over the world, 
including: 


N 


> 


BN 


INDIAN STATE Rys. > 
Corpona CENTRAL Ry. 

Kenya & UGANDA Ry. 

Jamaica Government Кү, 

Е.С. SANTANDER MEDITERRANEO (SPAIN). 
FEDERATED MALAY STATES. your 
TRINIDAD, new 
Гохрох, Miptanp & Scorrisu Ry. designs 
LONDON & NORTH Eastern Ry. 


" Fe 2 ГА 
IT DOES NOT LEAK. Great SOUTHERN Күз. (IRELAND). 


Its reliability and soundness in construction have 
proved its superiority over all other double beat valves 


NO VALVE YET DESIGNED GIVES FINER GRADUATIONS IN OPENING. 
For particulars and prices apply:— 


Henry Owen, 4 Manor Terrace, Headingley, Leeds 


Specify 
it 
on 


‘in, 
EN 


И 
A 
; 
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; 
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; 
y 
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HOYT 


ANTI-FRICTION METALS. 


NUMBER ELEVEN METAL 


Contains over 92% tin; is the absolute highest quality and 

proved most durable made; possessing, in addition, exceptional 

anti-frictional qualities and a degree of toughness not fourd in 
any other white metal. 


1.С.Е. BRAND AND OTHER GRADES 
FOR EVERY REQUIREMENT. 


Ask for full particulars, samples, etc. 


HOYT METAL Co. Ltd., Deodar Road, 
БАҒАНЫ ее aS Putney, LONDON, S.W.15. 


ACCURATELY MACHINE TURNED 


` FREMO : 
TAPER PINS 
COTTERS : 


: KEYS 
FRED" MOUNTFORD (BIRMINGHAM)LTD 
НЕМО WORKS MOSELEY s” BIRMINGHAM 


SPECIALIST-CONSTRUCTORS 


OF 


STEEL ROPES 


FOR 


ALL IMPORTANT PURPOSES 


“KEYSTONE” 


OVAL STRAND 
AND 


All Round Strand Constructions 


poe ^ 2 => 
BIRMINGHAM! , 


Independent of any Combine or 


Amalgamation of Rope Manufacturers 
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HENSCHEL 
LOCOMOTIVES 


Of all gauges and sizes, for main and 
secondary lines, contractors' engines, 
etc. 


Annual Capacity . . . 1,200 Locomotives 
Total Output . . . 21,000 Locomotives 


London Agents: 


Messrs. Gossell & Son Ltd. 
110 Cannon Street 
London ЕСА 


Telegraphic Address: “Gossotto, London" 
Telephone: City 6754 
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The 
LOCOMOTIVE 


Railway Carriage & Wagon Review 


London : 3 Amen Corner, "Phone: 
Paternoster Row, E.C.4 Central 3628 


A JOURNAL 
RECORDING THE 
DEVELOPMENTS 
IN RAILWAY 
ROLLING STOCK 


O enable subscribers to receive 
copies promptly it is advis- 
able to send an order to the 


publisher direct. The name will be 
retained on the mailing list until notice is 
given for it to be withdrawn, and an 
account for the yearly subscription, 12/- 
(3 years 31/-), will be rendered when due. 
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SAVE TIME, LABOUR AND 5% 
FUEL, INCREASE ЕУАРО- $ 
RATION, SPEED 


Soot RAPIDLY 

AND EFFECTIVELY 

FROM TUBES AND 
SUPERHEATER ELEMENTS 


A. MURRAY WILSON & CO. 
Telegrams: Murwits. Glasgow. 170 HOPE ST., GLASGOW 


The Locomotive Publishing Co. Ltd. 


RAILWAY BOOKS, CHARTS, Etc. 
In au variety: British and Foreign. 
Lists and Particulars sent upon application. 


PHOTOGRAPHS OF LOCOMOTIVES. 


A collection of several thousand Photographs. Nearly all 
Railways represented, British, Colonial and Foreign. 


LANTERN SLIDES of Locomotives, 
Railway Rolling Stock, Stations, etc. 


Sets lent on hire—Terms on application. 


OIL PAINTINGS 
of Locomotives, Trains, Stations and other 
Railway Subjects. 


3 Amen Corner, Paternoster Row, London, E.C.4. 


MACHINE FORGED 
RETURN 


BENDS 


mean 
Economy in the En 
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ELECTRIC 
WELDING PLANTS 
AND ELECTRODES 


Е Quasi-Arc" Electrodes are used in all 
the Royal Dockyards, and in the principal 
Shipyards, Engineering Works, Mines, 
Railway and Tramway Companies, etc., 
пп Great Britain and abroad, for new 
construction and repairs to machinery and 
| Steel and Iron Castings. 


‚Representatives іп ADELAIDE, BERLIN, BOMBAY, 
‘Buenos AIRES, CALCUTTA, САМАРА, CARÁCAS, 
ICOPENHAGEN, DURBAN, DUSSELDORF, JOHANNES- 
IBURG, LIEGE, LISBON, MADRID, MELBOURNE, 
| MILAN, New York, Osaka, RANGOON, Rio DE 
|JANEIRO, ROTTERDAM, SYDNEY, TIENTSIN, 
J WELLINGTON, N. Z., Исвюн. 


The Quasi-Arc Company, Limited 
| 15 Grosvenor Gardens, Victoria 
London, S.W.1, England. 


Works: Tel. Nos. 
lile End, London, E.3 Vic. 6236-6237. 


| 


